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Preface (o the Pint Edition 

This vohune owes its exbteace lo the needs of the comptebeusive 
course in bioloo' iaitiated at the Univmih' of Chicago urtdcr the 
new plan of allege work. In auempting to lelea approphaie 
readings to accompany the writer's tecsma on the vertebniee 
and on (he human body, it wm found that existing works whidi 
adequately covered iheae Aeldt were in geoenl too lengthy and 
too for the Umited time at our students' dispotaL On 

[be other haitd. while wdl-writtcn accounts are available for many 
of the topics considered, tbcee failed to give any coiuwcied 
picture of the held of vertebrate and human evdulion as a whole. 
In the (naent work (be writer has attempted to bridge this gap. 
to pve a brief but fairly comprehensive account of the evolution 
of (he vertebrates and man with a minimum of tedinica] minuliae. 
Several chapters on topics omitted in the course for lack of lime 
or presented by other staff members have been included in order 
to round out the treatment of the subject 
The bulk of the work, indudiog all seettons to be used as 
required readings, hava been submitted to the committee in 
charge of college work in biology for ibeir approval, and many 
other ftionds have read and criticized varioua chapters. To alt 
rtvMt- colleagiMS. Drs O. W. BarteUnez, Merle C Coulter, Ralph 
W. Oenrd. Carl R. Mooev, H. H. Newman. H. H. Snndskov. 
■od Criffith Taylor. I am deeply graufiiL 
The writer has been strongly influeoced in his tfeatraeu of 
human races by (he stimulating ideas of Dr Oriflllh Taylor; his 
views as to rai^ evolution are expressed, with slight modUIca' 
tkm. in the diagram showing (he pbylogcoy of biunan races. 

The New York Zoological Society and the American Museum 
of Natural History, New York, have most courteoutiy allowed 
me the use of numerous iQustralioos of animal types. A majorily 
of the restorations of fosul animats are from a series of murals 
in the Fidd Museum of Natural History, Chicago, painted by 
Chsrtea R. Knight I am much indebted to the D. Appleton • 
COntury Company for the use of a considerable number of 
illustrations from Snider’s Earth History, pubbshed by then), and 
lo Uk American Medical Aasoctation for limilar borrowings 
from Harvey’s Simpie Lessons In Human Anatomy. 
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I vn indebted to Proteson O. W. Bcrtelmec end Oriflhh 
Taylor, of the Univenity of Chkajo, Awodcie Oircton Harry 
Raven and Harry L. Shapiro, of the American Museum of 
Natural History. Professor Sherman Bishop, of the University of 
RochMcr. and Dr Georfo L Streeter, of the DefMurtment of 
Embryolocy. Camefie Institution of Washington, for the loan of 
photographs. Mr Llewellyn L Price has contributed a consider¬ 
able number of new illustrations, and Mr Brandon Qrove has 
aided In photo^phk work. 

I am greatly indebted to my wife, Ruth Hibbard Roroer, for 
tier aid throu^ut the preparation of this volunw. 

ALPniD Shccwood RoMtn 

Mhom, AfOMwkuwrrs 


Preface to the Third Edition 

Whbn thb book appeared in 1933. as the first of a projected 
leries of texts to accompany the new Oikago courses in sekoee, 
both the author and (I think) the pubiisbers felt somewhat like 
conspirators - pleased, but also a bit worried, at having produced 
a volume rather off the orthodox pattern of textbooks. Our fears 
were soon stilled by the cordial reception the book received, and 
I trust that k has served and will continue to serve a usefbl 
function. However, with the appearance of later texia in the aame 
series in newer and more attractive formats, the earlier edition 
of the book appeared rather dowdy and tdd-fuhioned in its 
make-up. I therefore welcomed with pleasure the suggestion that 
a thorough revision be undertaken. 

In the text I have taken advanuge of the fact that the type was 
to be reiei to make a large number of changes. In many coses 
these are minor In nature, and about two-thirds of the oontenis 
remain very much the same. A new addition b the interpolation 
of a ch^xcT dealing with the frog, designed to accompany use 
of thb animal in the laboratory. The chapters on fossil man and 
human races have been almost compleiely re-written, as have 
the sections dealing with the higher (bh^ and changes have 
been made to a greater or lesser degree in the dbcuauon of birds, 
in certain sections of the accounts of the human organ systems fat 
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cittp<ers 17aad 18, etc. As wiD be noted, numerous chsiifet hsve 
made to the ilhstratioos. 

Tbe materiel is so arranged that various selectioas of chapters 
may be read to serve various aims. Chaplets 1. 3, S, 9. and 14 
present the direct story of evohitkn from fish to man; dwpters 
2, fi-8, and tO-13 d^ with varkmi groups of fishaa, birds, 
reptiles, axK) mananab which are of totercst but not doieiy 
related to human evolutioQ. Chapter 4 gives an account of the 
frog. Chapters 15 and 16 deal with human origins and races; 
chapters 17-19 deal with the human body; and chapter 20 is a 
diioussion of embryology based on the development of man. 

In the original edition I adroowledged my Ind e bt e dness to 
many friends and collcafues for bdp to tbe preparation of tbe 
book. Since that time, and particula r ly during the revitioa. many 
have offiered aid. information, and usehil suggeatiotts, including: 
Drs Ralph Buchsbaum, Merle C. Coulter, aiMi Herluf H. 
Strandskov, of the University of Chicago; Dr B. A. Hoolon, of 
Harvard University; Dr J. H. MeOregor, of Cohimbia Uni- 
versty; Dr Homer Smith, of Bellevue Medical College. New 
York University; Dr Sberman C Bishop, of tbe Uatvenity of 
Rochester; Dr Edgar L. Lazier, of the University of Califo^a 
at Los Angeles; and Dr Robert Broom, of tbe Transvaal 
Museum. Pretoria. I am much indebted to Dr Caricton S. Coon 
for a crilica] reading of the dmpter <hi human races and to Dr 
Harold L. Movius for reading tbe section on cultural evolution. 
Miss Nelda Wright has aided greatly in the pieparatioo of tbe 
new edition. 

Numerous, too, are my obligations to Insdiutloat and in* 
dividuals for furnishing (rtiotograpbie material. A large number 
of prints have come from the files of the American Museum of 
Natural History, and Mbs Jaxmctie M. Local and. especially. 
Mist Dorothy Van Vliet were very helpAil in aiding me in tbe 
selection of material tbere. The officials of tbe New York Zoo¬ 
logical Society were also liberal to allowing me to draw heavily 
on their valuable pboto^phic material. I wish to thank also the 
Oenetal Bioiogical Su^ly House, Inc., Chicago, and its eecreiary. 
Dr A. S. Windsor, for a number of photographs, iaduding an 
toteresting aeries od Proupltnu. Dr O. W. Bartelnwi, of the 
Department of Anatomy of the University of Chicago, coruri- 
buted a splendid series of photographs of embryos. Or Coon has 
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■'llowed roe io reproduce a selection of his iUustratioiu of Euro¬ 
pean reces. Othera who have been of aid to thts 
^ O H. Parker, of Harvard (colour chanfcs m MtfiA), Dr 
Harold E. Edwton. of Maasachusetta Initituie of Tee^loor 
(stroboecopic pietui« of humming bW and 
STl Loither. of Barnard College (ga^); Dr 
Washburn, of the College of PbyiiciaM and S^^w. 

» 

S.nDic.;>(«rill«):MrHa^^^ 


nniSv (Aimoanz^: Dr J. H. McGregor, of Columbia 
(Lman fowHi); Dr 

DrO O MacCurdy(MtCarmcD:MfO.P.Pearson,ofHarvatd 

Shrew): Mr S. D. Ripley, of Harvard (spioy 

Dr A O. Gross, of Bowdoin CoUege (heaih ^ 

Bigelow, of Harvard (teleoei 

VSor E Johmon. of U»e Whlre^ 

cal Bfures); Preparater George Nelson arto Mr R. ^ Whli^ 
Harvard (palcowological photographs). Ph^riphs 
types were procured from the ftka of the Department of An- 

(hropotogy. Harvard University. 
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CHAPTER 1 


Vertebrate Beginnings: Life in the Water 

(T hfts b wn aUd that 'the proper uudy of maokirKl is man*. 
Thtt it, in a tease, true. But. takeo literally, the sutement leads 
to aa extreately narrow rnteUeetual outlodc. To understand the 
of any other natural pbenocnenon we try to plaee It In 
its proper seuing. iu tdation to other phenomeoa is time and 
There is no reason to treat ounelvea otherwise. Man does 
not live in a vacoum, has not come out of a void. A faa of prime 
iR^ortanoe for an understanding of nun is his position in the 
world of life, hit telaUoruhipt to other Uving thinss. 

Man is a member of that series of living creatures known as 
the vertebrates, or animals with a backbone, a group metuding 
not only all the other warm-blooded hairy creetures to which 
man is docejy allied but such varied forms as birds, reptiles, 
frogs and salanunden. and flsheo. Their history is oar histr^t 
and w« cannot properly understand man. hb body, his nund. 
or hb activitias, unless we undenund hb vertebrate ancettty. 
In ibe pegs that follow we shall give a brief account of the back¬ 
boned animab. including the main stefM in the human evolu- 
tionsry story, and conclude with a brief deecription of man's 
body in the li^t of its hbtory. 

BVIDBNCaS OP ANIMAL RBLATIONSHIPS 
In attempting to determine the mutual rebtiooships and Unee of 
of various types of evidence are available to us; 

the mnior ones ore iboM fumbhod by comparativB aneiomy, by 
embryology, and by paleootology. 

We may compere and contrast the anatomical features of 
aduh Irving anfanab and from thb study ^n much informalion 
as to tbeb degrees of relationship. The greater the number of 
hindsmentol structures which two aotmab have in common, and 
the greater the similari^ in pattern of them coounoo structures, 
the more closely do we believe ihrae animab allied. 

We T PtH* be careful, however, to be sure that (he strucnirea 
we compare are really (he same and not two different ones put 
to the same use. For example, the leg of a cat and the leg of an 
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ioMa are both used for walking purposes. But strucnually they 
are entirely different (Ibe skeleUMi of the cat's leg lies inside, that 
of the insect outside), and it is obvious that the two cannot be 
traced to a conunoa ancestral source but have ev^ved separately; 
they are merely analogous. On the other hand, the front leg of 
the cat, the arm of a man, and the wing of a bird all seeve 
different Amctiocis in life but have an eateniially similar structure, 
many bony ekments, muscles, and even nerves being common 
to ail. Thm real likeeMsaes, termed ‘homologies*, indicate that 
cat, man, and bird had a common ancestor from whose Umbe, 
by tnodiAcaiion, have been derived the varied scructune found 
in iheee living typec. 

Comparative physiology offers a second mode of investigation 
of aninul lelalionships. Such studies of this sort as have been 
made have afforded results of great interest. However, up to the 
prceenl, much of the work of the physiologist hat been of a 
descriptive rather than a comparative oauire, and in contlderaMe 
measure, conAned to the detailed study of tte functioning of the 
body in mao and bis mammalian relatives. 

A check on the relationships of various forms is afforded by 
a study of their cenbeyos, of the structural developreent of the 
imboro young. When serious study of tbk branch of scieoce was 
begun a century ago. it was discovered that related forms gener> 
ally have timilar types of development The embryos of men and 
insects have almost nothing in common: those of man and other 
verMbraiei are much more ctosety oornparable. Among verie* 
brates. the developmental history of lepUles it cloeer to that of 
man than is the case with ftsbca, and the unborn young of such 
warm-blooded animals as pigs or monkeys are even closer to 
the human pattern. These facts, discussed to chapter 20. in geoeral 
tend to confirm evidences of relaiionship gained firom other lines 
of invesdgatiem. 

TKB FOSSIL BBCORD. A furtho-lins of attack on the history 
of Irving things lies in the domain of paleontology, the study of 
foMil animals. Comparative anatomy, studies of function, and 
embryology may enable us to deduce probable relationships and 
bypotbetical ancestors. But it is infinitely more satisfactory to 
find, if we can. the concrete remains of the ancestors themsdm 
in the record preserved by rodci laid down in past ages of the 
earth. 
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For irany form* of life this record is none too satisfactory. 
Ptent tissues are in great measure soft structures which are com* 
paratJvely seldom fossilized, and, although we have cowidersble 
knowledge of the evolution of various opes of trees, much of the 
botanical story cannot be coofinned by direct fossil evidence. 
Among the animals lacking a backbone there are a number of 
groups wbkh have shells or other hard parts. Of there we have 
abundartt records. But most of the tnqwrunt connecting links 
were apparently eoft-bodiod creatures which are rarely preurved 
as fot^ Further, the history of many invertebrate groups hat 
covered a vast stretch of time, attd the older rocks which should 
contain the early chapters of the story have been lost ftom the 
earth’s crust or to much modified by crushing or beating that 
tbs fossil story they once carried has been oblitented. 

With the backboiked animsls paleontologkal inquiry is much 
more fruitful, for several reasons. Almost all vertebnitce have 
bard skeletal parts - bortes, armour plates, or teeth - capable of 
fossilizatioiL Further, vertebrates are a comparatively modem 
group. Our known history stretches back less than 500 million 
years. This (while a rather good stretch of time) it but the last 
third of (he known history of the earth, and for all this time we 
have available for study numerous series of fossil-beariot 
rocks. 

TTie study of fossils is a comparatively new branch of know* 
ledge. It is only within the lastoentury and a half that fossils have 
been generally recognized to be the actual remains of ones living 
creatures ratte than freaks of nature of toriM kind. It was not 
until the general acceptance of the evolutionary concept in the 
middle of the last century that thdr impoclance as ancestors of 
tiving animals was realized and a serious study of extinct forms 
begun. To-day we have a fairly good ouiUm of the lines of 
descent of many groups of bs^boned animals, but none is 
absolutely complet e . There are many gaps, many perpleutiee. 
It is obvious that we shall never fill in every little chink io this 
historical structure, for h is quite improbable that we «hsii ever 
find the remains of all the counlleai animab that have inhabited 
the earth. But year by yeaw new fossils como to light which help 
fill tho btenks in our puzzle. We have already pr o gre ss ed far in 
our study of the evolution of vertebrate life in past ages, and it 
is not too mu^ to hope that, in the not too distant ftiture, we 
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may hav« a weU-roumled pktare of all tbe main poinu in the 

pA« history of our vertebrate anoesiors. 

A brief mention of Um type of work done by tbe student of 
fossib may not be ambs. Tbe average museum vsitor who seee 
a mounted skeleton of an extinct animal has litUe idea of tbe 
greet ansouni of work whkh tiee behind thb exhibit Fossil* 
bearing rocks of any particular age are exposed only in scattered 
districts of the earth, and long tripe are often neocssary to reach 
them. Then, loo, rocks must be not only present in a rogioa but 
roust be exposed at tbe surface. Thb means that most c^keting 
must be done in troeleas, grassless, sparsely seltkd, arid regions 
such as the deserts of Western America, those of Mongolia, or the 
Karroo Desert of South Afrka. 'Bono^hunting* b not the most 
comfortabie of occupations; even in good deposits, fossib may 
be very hard to find, and there may be many weary days of 
fruitless tramping over barren rocks before the collector finds a 
specimen worth excavating. 

Then the work begins. If (he find u of value, every piece must 
be removed with care and its position noted. Broken bones sre 
often bandsged and plastered as carcAtUy as a broken httman 
leg. so that the fossil may not become Irr^arably shattered. Tbe 
specimen b carefully packed to prevent diunage on its long (rip 
back to the bboratory, where work continues. Tbe rock sur- 
rourtding the bones must be removed (often it b exceedingly 
hard), ail broken pieces cemented together and their pootions 
determined, and, Anally,'the wbote skeleton mounted. The 
mounting of a dinosaur may take years, and even some specimens 
no larger than a man*! fist may be so delkaie that months may 
be spent in preparing them. 

Parallel with the bboratory work on the skeleton goes, in the 
case of new or rare forms, the study of the hones as tl^ are 
prepared and the determination of (he anatomy of (he creature 
and its proper position in the family tree - sometimes a task of 
dUIicuIty in the case of strange new forms. 

Parenthetically, we may mention the popular belief (hat the 
paleontologist often restores a fossil animal from one toe bone. A 
century ago it was thought that if (for exampb) one found the 
body of an animal built like a horse, but with the bp mbsing, 
one could auume that tbe creature had hoofs. But ~ to follow 
thb particular case - it was found that some such creaUires 
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(cbnlicoiherat, chapter 11) ia reality had feet anned with huge 
claws with whid) to dig up roota. Paleontolocicts have become 
chastened and more conservative. Paru of afcektoos are restored 
in plasttf In almost every foaiil specimen, for few ftnds are 
absolutely cwnplete; but. except for minor features, all work of 
ratoration is based on our knovdedpe of the bones concerned 
in oth f* - spectmens of the same or closely related typea. 

Ibe scientist as weli as the lay resder is cuiious at to how 
, htt « old animah would have appeared and acted when ahve 
and in the fleah. and numerous Ufe^torations of foesil animals 
have been made: a considerable number of them are shown in 
the present work. 

Some of the ratontkms wl^ we see ui iUimraied msgazines 
ate caricatures which never existed exc^t In the artist’s kiuigina- 
lion; but many of the more carefully prepared restorations 
prolwbly give ui a fair approach to the actual appearance 
of the forms they portray. Front the ikektons we get many dues 
as to the posture of the betdy, the style of walking, the bulk and 
petition of the musdet which give the major contours to the 
body. Of the skin we know comparaUvdy little, and in coloured 
restorations the pigment given the skin is a guess, although based 
whenever possible on the colours assumed by hving relatives of 
the animal or forms which lead similar lives. 

THB OBOLOOIC TIMB SCALB 

In order to use onr knowledge of fossil forms effectively we muu 
have tome idea of the comparative times of their sppearaoce and 
dimppearsnee as measured by the scale set up by the geoiogisit. 
A very considerable portion of the sdeodik work done ia Uw 
fifiH of geology has bm devoted to the study of the oofflparacive 
age of the various liyeia, or strata, laid down in the seat or 
lowland re^ons of the in ancient days. On the bash of 
Studies hu been erected a series of subdivisions of world- 
history, an outline of which is givea in the accompanying ubie. 
We cannot, of course, teU the exact length in years of any of the 
geologic unha, but the figures indicated are fairly good 'gueeso', 
based on such dau as the thickness of the rocks formed during 

any perticnlar period of the earth's hisioty and the present degree 

ct decomposition of radioactive minerals laid dovm in them. The 
mgior subdivisions of the earth's history are known u 'eras'. 
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Thete Are divided iato' periodt’, which mey be Auther nibdivided 
into 'epochs’. Wilh this lest type of divisioo wo shall be ooo* 
ctf oed only b our later study of maminatian evobtkto (chapter 
9). 

We shall have nothiog to do with the first two of the five great 
eras b the known bbtory of the earth, the Archeozoic and 
Proterozoic, for althou^ there must have been much life b the 
form of plants tod lower animals, our records of then are very 
poor, and vertebrates an quite unknown. 

Our interest b this story begins b tbe third era, the Paleozoic, 
or tbw of ancient life. In tbe Cambrian, first period of (hit era, 
almost all bvertebrate groups abounded, but vertebrates were 
still unknown, b the following Ordovician period an found 
ran fragments of veriebratee, and b tbe Silurian period we meet 
for the first time wilh good skeletal nmeins of earty water-living, 
backboned antmah. 

The Devonian period, next b order, is ofieo called tbe Age of 
Pishee, for these primitive vertebrates bad by then become 
diversified and abundant. Here too we meet with the remains of 
the okleit-kDown land dwellers among vertebrates, the Gtm 
amphibians. In the Oarboniferous period (often divided bto two 
periods. Mississappian and Pannsylvanian) amphibians had 
ranched the peak of their development, end tbe first reptiles 
are encountered. The Permian, hist of the Paleosoic periods, 
witnessed a dediiw b the ami^ibians and a beginning of the 
story of reptilian diversiAcatlon. 

The Mesozoic era b often called the Age Reptiles, for it was 
during tbb time that there flourished many reptilian types now 
extinct. Most of the interesting dinoaurian and other groups 
had their origin in the Triassic. At that time, loo, appeared the 
first of the mammals, destined to remain inconspicuous, however, 
during ihb era. In the Juraiete tbe reptiles appear to have been 
at the peak of their development, while from them had evolved 
the oldest-known birds. The end of the Oetaccous period marked 
the extinction of the great reptilian dynasties. 

The Oenozoic, terminating wilh present tiroes, b a compara¬ 
tively short era, but one of great importance, for it was during 
this lime that there look place the btensiing evolutionary hutory 
of the memmsb, and man himself appears b the final stage of 
Choozosc bbtory. 
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VBRTBBRATB CHARACTBBS 
W1mi( are (be character* which distioguish vcrt^xates from other 
animal types? What have men, birds, lizards, and fbh in com* 
moo? We shall dlscue the structure of vertebrates, particularly 
firom the human standpoint, more fully in bter chapters. Here 
we may point out only a few of their more obvious characters, 
particularly those shown in the tower members of the group. 

SVMUSTRY. Vertebritestre,ofeourse,bilaterallysyininc(ikal 
animals; thst is, one side of the body is in general a mirror 
image of the other. This character in Itself distinguishes mn 
and bis backboned relatives from many other animal types, such 
ta the jellyflsh, sea anemones, aisd related forma oonstiiuting 
(he ooelcntcrate phylum, and the itarflsbcs, tea urchins, and 
their relatives (echinodenns). In the sea, the ancient home of life, 
radiel symmetry is charecteriitic of animals which are fixed to 
the bottom or float about sluggishly with the currents. Active 
animals, however, are almost always biblerally symmetrical, and 
activity te a primary charaderisiic of vertehratei. 

MOTILITY-SKBLBTON AND MUtCLBS. The type Of skcle* 
ton found in vertebrates » highly characterisiic. Almost every 
animal of any site hu of neoeasiiy ioom type of supporting 
stmeture to slilTeti its body. Among other enimal groups the 
skeleton is etmosi invarieMy an external one, on the outer 
surface of (he body, as in (for example) a lobster or snail. Among 
vertebrates we often find, particularly among the lower lypei, 
more or less superficial armour; but iIk main supporting skefetiJ 
structures are always internal. Every vertebrate has a complex 
skeleton of bone or of cartilage ('gristle’}, a somewhat softer, 
Uaniluocnt substance. TrtM vertebnitet Iwve a backbone (the 
vertebral cohxnn), a seriee of joinied structuree running (he 
lengih of the back and connecting at the tides with ribs which 
lie between the mtHcks of the trunk, as well as some sort of 
skull or other bony structure in the head region. Most verte¬ 
brates (but not alJ) have also a skeleton in two pairs of limbs 
(fish fins or tend le^) projecting from the tides of the body. With 
the characteristic activity of vertebrates is connected the devdop- 
ment of a powerful series of muscles for bodily movement. 

Nsavous SYSTEM AND SSNSB OROANS. All Vertebrates poe¬ 
tess as a main nerve trunk (he spinal cord, a hollow tube running 


VBKTSIItATB SBOINNIMOS * 

ak>Rg Ihie back (<loruJ) tide oT the body. (In other animal 
groupc where a nerve cord ia developed h usually liea along (he 
unrtmi de . or the ventral tide, of the animal and is aBolidsmM>> 
ture.) At (be ftxmt end of ibe spinal cord liea, in all vertebrates, the 
brain, a complicated central switchboard for the nervous system. 

All vertebrates have the same type of special sense 

organs (hat we pocstts - nostrih, eyes, and ears. But even at that, 
we may point out here, there are vaiiationa among primitive 
fonns. Noatrils were, at first, simple pockett lytni near the front 
end of (he bead for detecting odours in the water and had 
origioally no connexion with (be interior of the mouth, as they 
do in man and ail air-breathers. Well-developed paired eyes are 
found in all vertebrate groups, but In addition (here wu present 
in primitive forms a third eye, the pineal, opening on the (op of 
the bead. This has been reduced (o a small organ cooceskd 
within (he skull in most living forms. Ears we think of as organs 
of bearing; but our cars are abo organs of equilibrium, and (his 
was quite probaUy their originat function. Fbh can hear, but 
only through vibcatkma set up within their bodies, for they lack 
external ears, eardrums, and all (he mechantmt by which land 
animals receive and amplify sounds. The only portion of the ear 
which they have is the essentia] inner suucturea, a double aerki 
of liquid-filled sacs and canals lying within the braincase which 
mainly register the pose of the body and its movemenis. 

aaBATHiKO oaoANS. While land vcrtebraica such as our- 
setvea breathe by means of lungs, primitive vertebrates were, of 
course, water-living types, breathing by means of gills. Some type 
of gill is present even in many invertebrate forms. Only amoog 
the vertebrates, however, do we find a developoMAt of internal 
gills. Water is uken into the throat, usually through the mouth. 
From there it passes out laterally through a number of paired 
sliu or pouches in (he sides of the throat to (he surface again; 
It bln these slits that oxygens taken up by the blood stream from 
the water ai>d carbon dioxide given off. Gilb are absent as such 
in higher vertebrates, but as an embryo even man goes throu^ 
a phase in which the gill pouches are well developed. 

■lOOD svSTiu. The Wood channels, the circulatory tyitem, 
of vertebrates dbtingulsh them from many invertebrate groups. 
In an ordinary (annelid) worm, for example, the blood passes 
forward along the dorsal (back) skk of the body and retuns on 
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the belly (wntral) tide. But in vertebrateo. quite the other way. 
the blood s collected throuBh the veins into a pumping organ, 
(he heart, oo the underside of the chest, then passes forward in 
priinttjve water dwellers to (be gilb, and, having been freshened 
fai (he gill mefflbrsrtes. flows backward to the body along the 
upper Side of (he trunk. 

LOWER CHORDATB8 

AMmtoxul. The characters mentioned in the preceding section 
are those of a typical member of the vertebrate stock. If. however, 
w« daire to look into the origin of vertebrates, we nattxrally 
wish fltst to descend the ladder of vertebrates as far as we can. 
to find at simple a form at possible to compare with lower 
animals. Some flihcs are more primitive than others; the lampreys 
and hagfishet (dheussed aomewhat later) lack such typical 
vertebrate structures as jaws and paired limbs. But a far more 
simple form b the little animal, the lanoelet. usually known by the 
Ktenliiic name of Amphioxut. 

Thb it a small translucent creature found in shallow tropical 
marine waters, sometimes swanmlng freely about, but spending 
much of its life partly buried in the sand of the bottom with only 
tise front end of ilw body projecting. Generally rare, it b lo 
common in (he Amoy region of (he Chinese coast that it ia aold 
in bulk as food in tlw nurkeu. 

Its gcjKral appearance n rather fishlikc, but In structure it b 
much ntore primitive than any true ihh. There are no paired fins 
or lintbs of any son, artd no jaws, tw bones or cartilages, not 
even a backbone. There b nothing that can be called a brain in 
any ordinary sense of the term, no cars, no eyes (although pig¬ 
ment spots in the brain lube appear to be sensitive to li^t), 
and only a tiny pit which may be (he rudiment of a nostril. This 
form b obviottily a much more primitive creature than any 
typical vertebrate. 

There are, however, several important characters which show 
that A»tfihh*iis is really a primitive relative of the vertebrates. 
Thu little animal has no backbone, no series of vertebrae 
running the length of (he bock and stilfening (he trunk; It has, 
however, a feirly effectise substitute in a structure occupying 
exactly the same position, known as llte notochord. Thb b an 
dongaie rod running the length of the body, tu interior b filled 
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whh a so<l, raUKr jeOy-likc tubttance which in iudf has no 
strength. But it b encJosed in a lough sheath, and the combirution 
of the two gives an excellent supporting rod, fairly firm but 
Aexiblc (a sausage has a somewhat ewnparabie structure). The 
notochord b absent or much reduced in m<»t adult verlebnies 
but b present in the embryo of man ar>d every other member of 
the group. With development, the joinb of the badtbooe grow 
around the site of the notochord and gradually replace it. 
Seemingly the notochord was the predecessor of the vertebral 
column; the lancelet showe the primitive condition. 

AtkOther vertebrate feature of Am^hxas is the well*devek)ped 
nerve cord running the length of the body above the notoch^. 
And a third good feature of resemblance b the presence of gilb 
of the vertebrate type. Indeed, it would seem as if ihb simple 
little creature were trying to emphasize thb point of agreement, 
for whereas a normal vertebrate usually has but five or six gill 
opmingr, Antphioxus may have several dozen. 

The lancelet b thus a relative of the vertebrates, a point 
emphasized. ii»dcntally. by the fed that the young form Osrva) 
of the lamprey b very similar to it in structure. But it b a much 
more primitive type than any vertebrate and, locking a backbone, 
cannot very well be included in that group. To express ihu 
lelaiionship. naluralisu have erected a major group, or phylum, 
of the animal kingdom, known as the Chordata, or anmsh 
possessing a notochord. Of thb phylum the vertebrates are the 
major subdivHion, while Atnphioxuit ami a few other 'poor rela¬ 
tions' of the backboned antmab nnke up several lower chordate 
groups. 

It is not impossible that the lancelet b fairly close to the 
primitive types from which the vertebrates have arisen, although 
thb living creature has some specialized features. 

TUNiCATit. 'nte turvicatea, or sea squirts, comprise a con¬ 
siderable number of small inhabitants of modem seas. Perhaps 
the most generalized of the groups are the forms found as axlnlts 
attached to rocks or other objecls in shallow water. Thi^ ace 
quite motionless and. in thb respect, quite unlike the typkally 
active vertebrates; nor is there any bodily appearance reminbeent 
of vertebrates. The tea squirt appears to be a nearly shapeless 
lump of matter enveloped in a lough leathery skin - the tunic 
which givea iu name to the group. At the top of the animal b an 
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oiwning through whldi witer b dr»wo in. Inside is « large 
barrel-shaped straincf ihrou^i vdiich the water passea to Aow 
out through a second opening at the side. Food pariiclee in the 
water are coUecied at the bottom of the straining device and 
pass Into the stooiaoh and intestinea. In the adult tunicate there 
is very little nervous system of any sort, i>ot to speak of a brain 
or spina] eord. Nor k there any trace of a notochord or any 
skeletal system. Nothing more unlike a typical chordate could, 
it would seem, be imagined. 

But examiitation of the straining barrel opens up a different 
conception of the lunicats'a position in the animal world. The 
animal not only strains ils food with thk structure but breathes 
by means of It; it k. in reality, a very complicated chordate gill 
system, the true throat of the animal. We have here one good 
chordate character. And while that k the only reeemblanca to 
Amp)»loxus in (he adult, the young unkate rounds out the 
picture. The iarval form k rather like a tadpole in shape, with 
a large head region and a slim tail. In tha tail k a well-developed 
notochord and a typical dorsal nerve cord as well. The tunicate 
starts life as a small free-swimming larvi, fairly similar to the 
kncclet in construction. Presently it becomes attached to the 
head region to (be bottom; active life k abendoned. the gill 
barrel expands, and the Uil - and with it nerve cord and noto¬ 
chord - disappears. 

Seemingly the ancestral sea squirt was a typical primitive 
diordate, but the modem forms have become highly specialized 
and degenerate, a proper subject from which a scientihe parson 
might draw a moral lesson on (be efltets of sloihfuliMas. 

ACORN WORMS. Quite dilTerent, again, are the acorn worms. 
Them seashore burrowen are somewhat like (be ordinary annelid 
worms in general appearance but have as charactexktk structures 
a 'collar*, in front of which k a tough burrowing sivout or pro- 
boKis, (he two sometimea resembling an aeora in itt cup (hence 
the nanve). Despite the wormltke apswaranoe of these forms, 
(heir internal structure k quite dilTerent from that found in the 
annelids. Strong proof that they are, on the other band, related 
to the cbordaies k shown by the presence of numerous and 
typical gill slits. The nervous system k not highly developed, 
^t there k a hollow dorsal nerve chord in the collar region, aod 
a small structure in the proboscis k thought to be a rudimentary 
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notochord. The tcom wonns tie essuredly far below the laocelet 
in the level of their orfanUstion but are highljr speciallaed and 
hence aoc on the mala lute of venebrate ascent 

VERTBBRATB ANCESTRY 

The animals dbcussed above are typical of the lower diordaiea, 
ibe only dose Uving rdalivcs of the vertebniiea. A^^ftioxia 
seems to five os a fairly reliable picture of an early aiaae in 
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wrtebrate development, but none of the forms mentiooed hea 
led us to connect the vertebrates with any other lower animal 
type. The main stock of the more advanced invertebrates lies 
ifnmintly amorif the coelenterilct. muliiccilular animals wkh 
radial syiwnetry. such as the corah, jellydsh, and sea anetnonea. 
From them, or some form a bit more advanced, seem to have 
arisen two main lines of invertebrate evoljlion, one teadiny to 
the ecbinoderms. a second to the annelid worms, the mollusca. 
and the arthropods (or joint-limbed animals), a great group 
Irvrlwlini Insects, crustaceans, millipedes, and arachnids, among 
others. 

Except for the moUuscs, every phylum mesuioAed has been 
pul forward for the role of vertebrate anceatort. Some suggeM 
that the coelenientes have beeit the group from which the 
vertebrates sprang- Thia may welt have been true in the long cuo. 
dnee (bcK lowly animals presumably were ancestral lo all the 
h ii gher types of life. But may it not be that the vertebrates pro¬ 
gressed farther along one of the main lins feadiog upward from 
the stock before brarvehiog out on their own? Can we not 
find some likdicttlorts of vertebrate contwriom lo one of (he 
more advanced invertebrate groups? 

ANNBUO WORMS. The anoeUd worms, wdudi Include not 
only the earthworm but a great variety of more highly developed 
marine types, have been advocated by some as our progBniton. 
‘ntere are a number of common features. The annelids are 
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bilaterally symnwtrical. r$ u« vertebrates. They are segmented, 
each Join] of cbeir body repeating the ttructtiret of the one ahead: 
and vertebrates toe are segmented, at least as regards badcbone, 
muscles, and nerves. 
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Annelid wotms, loo, have a nerve cord and a good Mood 
system. But here we And marked dilTerenccs Trom the vertebrate 
plan of structure. The nerve oord lies on the underside rather 
than the upper tide of the animal, and the blood flows in opposite 
directions from that in vertebraies along the two aspects of the 
body. But. as in the figure overpage, these dilfereoces may be 
corrected if the position of the animal it reversed and the worm 
is assumed to have turned over to become a venebraie. 

It may be that top and bottom mean little to a worm; but the 
revenal of position raises as many problems as it solvea. We 
must, for example, close the old worm mouth and drill a new 
one through the former roof of the head, for in both worms snd 
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backboned animats the mouth lies on the underside, beneeth 
the brain, ’nteti, ifain, where are. In the worm, the notocbocd 
and gill slits, those vertebrate structures to which even the lowest 
of chordates dung tenadously? Their homologues have been 
sought in annelidt, but sought in vain. There is little positiw 
evidence for beltcf in the origin of vertebrates from aegmcnled 
worms. 
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ARACKKIoa. The arthropods include among their numben 
some of the most highly organtad of aO invertebrates. It Is 
not unreasonable to »ek vertebrate ancestors in this phylum. 
The insecu and ermuceans, most numerous of arthropods, have 
not been aeriousty considered In thb connexion, nor have the 
centipedes and their relativoa. A more worthApfaile case has 
been made out for the arachnids. 

These forms indude not only the spiden. mites, and scorpions 
but sbo the horseshoe crab (LimrAo) of the Atlantic coast and 
a number of old Pateozoic rdatives ^ this last type, the euryp* 
terids, or water scorpioitt. The late Dr Patten, of Dtrunouth 
CoUtge, devoted mu^ of hit life to the fbsdnacing theory of 
vertebrate descent from the aradinid stock. The eurypterids. like 
other anhropods, were armoured types, with an external rather 
than an internal skeleton. But some of the early vertebrates were 
aimoured too. as well as possessing deeper-lying skeletal strvo- 
tures. TTbe armour of the water scorpions resembled to a eon- 
tiderableextent that ofsome early vertebrates. May not armoured 
arachnids have given rise to annoured vertebraloT 
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But then are oumeroua oti>iectJons. Where, for eumple. have 
gooe the numeroua jointed 1^ (n the water acorp<oo7 There b 
DO trace of them in vertehraiea. Further, it b the top of the 
arachnid which b comparable with (he top of the vertebrate: 
but in arachfiida (aa in wonm) the nerve cord b on (he undertkSe. 
We must turn the animat over, and thb deatroya moat of the 
reaemblaooe. ITie anatomy of aome of the oidot and seeminily 
moat acorpton-like vertebraiea b now well known; and there are 
no feaiurea susieaiive of arachnid relationehip. Interecting aa 
(his theory b, it Ands little positive support. 

BCKiNODBaMS. The ecbinodcrms - aUrAshea, tea urchins, 
tea tiliee, and the like - teem the moat unpromising of aQ u 
potential aocctlors of the veriebratea. They are radially tym- 
metricaJ, in coatmt to vertebratca; ib^ have no internal 
skeleton, no iiacs of any ot the three major chordate charadcn 
of nolo^ord, nerve cord, or gill slits, and have, too, many 
peculiar and complicated organs of their own. At first sight one 
would be inclined rvol even to consider them. But here embryolofy 
sheds an unexpected gleam of light 

The early embryo of the echinoderm b a tiny creature, almost 
at the edge of the range of vision of the naked eye, which floats 
freely in the tea water. Unlike the adult, the Uirva b bilaterally 
tymmctrica), tuggesting that the radul symmetry of (he starfish 
b a secondary aflair, auumed when the anceators of theee forms 
(o<ri( up a sedentary existence. Thb renders a connexion with 
vcnebraio a bit more probable. Then, loo, the type of develop¬ 
ment of certain of the body cavities b ideniica] with that found 
in (be embryos of some primitive venebraiet. And both in ap¬ 
pearance ar>d in basic structure the larvae of some echir>odcrn» 
are to dote to the larva of (he aoom worm that the worm larva 
was tong thought to pertain to tome echinoderm type. 

Here, at last, are smne positive facts, and from a quarter where 
one would bast expect them. No one would believe (hat man or 
any other vertebrate descended from a starfish. But the evidence 
from the larvae strongly suggests (hat long ago. in the dawn of the 
world, there esnted some type of small, bilaterally symmetrica] 
animal of very sample structure posessing many of the features 
of the larval e^noderm or aoom worm but locking the speciali- 
xaiions of cither surfish or vertebrate groups. From these fonns, 
by the assumptioo of radial symmeuy and a sessile mode of life. 
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ttme the echinodcfno. But from tbeae forms, loo, seem lo bsve 
arisen types which retained their orifinal bikeeral ^mmeuy. and 
whkb gained specialized breathing organs in the form of gOI 
slits, better possibilities of motility with the development of a 
comparatively powerful musculature and a notochord for its 
support, and tetter nervous control of activity through the 
deveJopment of a dorsal nerve cord. From this we believe, 
came the chordates and, finally, the true venebniles. 

This discussion of tte origin of vertebrates has been based 
solely on the comparative anatomy and entbrydogy of the forms 
concerned. We have no fossil evkSerKa to support the theory of 
vertebrate anoestty advocaind here, since the early anceaiors of 
the vertebrates presumably were soft-bodied forms, possesung 
DO hard parts, and hence incapable of preservation under 
ordinary conditions. Wc have no certain fossil record of lower 
chordates or chordate anoeston and very possibly never shall 
have. The oldest ancestors of the vertebrates are unknown and 
may always remain unknovm. 

PhlMITIVB VBKTSaRATES - BACKBOKB 
What marks the Ant stage in vertebrate evolutionT W^t sort of 
creatures were our earliest backboned aitoestorsT 
LAMraBva A partial answer to these questions may be ob¬ 
tained from a consideration of the lampreys, which (with the 
rebted hagAshes) are the lowtiest of living vertebrates. These 
forms, found in both fresh and salt waters, are in appearance 
ratter elongate and eel-shapod but are far more primitive in 
simctuie than an eel. or any ordinary Ash type. There are no 
paired limbs or Am such as every ordioary lUi posscasa'. Jaws 
are entirely tacking; there h emh' a round mouth (whence the 
term ‘cyclosrotDei’, often applite to these forms), whidi in 
bmpr^ B a cupiike sucking disc These antmab attach them¬ 
selves to higher Ashes and exist by eating thdr Besh. A peculiar 
rasping longue-like sinteture forms a substitute for jaws. Instead 
of the normal pair of nostiils, there is but a single nasal opening 
situated at the lip of the snout or on the top of the head. 

(niemally, too, them forms are rather primitive and peculiar. 
They are far above the lancebt stage, for, in addition to the 
notochord, there are other skeletal parts of canibge: a braincase, 
a highly developed set of gill ban of peculbr constructioo, and 
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Uw beginnings of a badcbone. The brain is well developed, and 
for seme organs there is not only ibe single nostril noted above 
but rather rudimentary eyes and internal ears (although, in¬ 
cidentally. where normal venebrates have three semi-circular 
canab for the senseofbD lance, thecyclostomes have but two orone). 

Theae odd forms are obviously highly specialiied in many 
respects but are deAnJtely more primitive than any typical fishes 
in two important features - the absenoe of Jaws and the absence 
of paired limbs. Here they seem ceriaJnly to represent a very low 
stage in vcrlebraie evoluliot). But the lamprey as such is obviously 
not our ancestor. Wr must go Ihrlher in our quest of a really 
primitive vertebrate. 
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OSTBACOOKKUS. Here we may for the first time avail our¬ 
selves of the knovdedge gained from the fossil record. In the 
second period of the Paleozoic era. the Ordovician, we find the 
first faint iraces of the oldest known of our vertebrate kinsmen 
in the shape of small flakes of bone in rode deposits apparently 
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fonned in ft shallow hay In an old sen that once coveted much 
of Colorado and other ne&tem suta. It b probable that the 
oldest vertebrates were inhabitants of fresh waters, and most 
of the older rocks are marine deposits. Hence it Is only when 
(as in a case like this) remains were carried by nven to the sea 
that we can obtain any record of the early presence of backboned 
animals. 

These oldesi rragtiwnit, dating from a period in the earth's 
hisiory perhaps 430,000.000 yean ago, are not well enough 
^esei^ed to give us any kko ^ the nature or appearance of the 
forms from which they came. It is not until a wh^ period laur. 
in (he late Silurian, that we first find eompleie skulb ind skeletons 
of these most ftocient predecessors of man. 

And here w« And ouraelves in a quaint, bizarrc world. These 
archaic vericbraSes were water*Jiving types, with fishlike bodies 
and tails. But. whereas modem fishes often have naked skins 
or are covered in nsany caaes merely by thin scales or denticles, 
these andent vertebrates were, one and all, armoured with thick 
plates of bone or bonelike material - scabs over the trunk and 
tail, where motility for swimming was essential, and a solid layer 
of armour plates over the head region. This armoured condilko 
has led to (be frequent use of Ihe term 'ostracoderms' (shelU 
skinned) for these oldest vertebraies. In their general appearance 
(hey were quite unlike (he lampreys and hagfishes, In which there 
b no armour or. indeed, bone of any sort. But when these fishes 
are more closely eumined, it b seen that there are real resws- 
blances to (he lampreys, indicatjag true relationship. Like the 
cyclostomes, these oittal vertebrates lacked any trace of Jaws, 
the mouth being merely a small bole or crosswbe slK ; and there 
are no typical limbs or paired fins, with, at the most, a pair of 
flaps behind Ihe head region or small spines at the sides of the 
body, even in deuil (here are many resemblances between 
ostracoderms and cyclostomca. Many of these old foesib had, 
as in lampreys, a single nostril high up on top of the head, and 
Ihe costs of such structures as brains artd ean show that we are 
dealing with forms fundamentally similar to ihe hmprey type. 

Putting together the evidence from both living and fossil forms, 
it seems certain that the Jawless and limbbes condition u om 
to be expected in (he oldcsi vertebrate types. Ostracoderms 
and lampreys represent the most primitive staff In vertebrate 
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evohitioB. But «« have been loath to believe that the arnwured 
ostnioodenns were actual ancestors oiT later types; It has been 
tbtt the true ancestors of later vertebrates were soft* 
bodied fonm which might have escaped preservation and that the 
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Of inooderms were merely an aberrant group having nothing to do 
with the tine of desoeni ofhtgher fishes or land forms. 

Recent work, however, has tended suongty to show that some 
of the ostracodenns probably are exceedingly dose to the line 
of descent of both cydosiomes orvd higher Ashes. Bone, in the 
shape of both surface armour and internal skeletal parts, seems 
to te an extremely old vertebrate character. It is probable that 
many vertebrates now ladling such structures are degenerate 
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nther tb*A primittve. We know, {or example, that such • flsh 
as a stwfeoo, with hardly a bone ia its body, has deaccnded from 
focim with a wdl*oasified skeleton, and U is hithly probate that 
other modern forms which have no bona, such as lampreys and 
slnrks. are in reality degenerate rather than primitive types. 
Armour was probabty a character common to the anceators of 
all vertebrates, and the osiracoderms are really an ancesiral 


group. 

vtaTaaaATis vtasus watbs tcoarioNB. But why 
should the carty vertehrates have been armoured? An answer 
may perhaps be found by considering thdr habiuL Tbeee oldest 
of beckborted anlmah were mainly flat-bodied, comparatively 
sluggish types whose lives appestr to have been spent along the 
muddy bottoms of fresh-water ponds and streanu. The absence 
of Jaws prevented them from beaming predatory types, and the 
enh mode of existence open to them was that of grubbers in the 
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The only reasonable suggestion as to the presenc e of armour 
h that it was for protection egainst ertemiea. But what enemies 
had tb^7 Most of the larger invertebratee which one would think 
of, such as the ancient cepbalopod relatives of the squids and 
ocu^sesand the larger crustaceans, were marine forms, livingin 
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quiw • different envifonmeni from that of our itrenm-dwcl’ln* 
•noetiora. We do, howvcr, find that there wu one coiapioioui 
group of invencbrtWB of Paleoeoic day* which inhabited the 
fmh water*. Tbe«e were the eurypteod*. or watesr aconwoo*. 
mentioned before; indeed the two group* are often found in the 
Mune deposiu and nruiat have dwelt together. There old arachnid* 
were, on the average, much larger than the oettacoderm*. The 
eldest vertebrates were seldom more than six inches to a foot 
long, while euryplcrid* were, on the average. inuc{t larger - some 
nearly a doren feet in length - aitd were obviously camivoroui 
forms with biting mouth pert*. Apart from vertebrate*, there 
are few in ihe»e ancient deposiu which we can imagine 

to have afforded a food lupply for the oM eurypterid*; and apart 
from the water scorpion* we know of no enemies against whk* 
veriebraies needed defence. 

Later vertebrates teivded to iiKreare in src, became faster- 
swimming types, and many fishes migrated into salt water* where 
they were comparaUvely free ftvjm attack. Correlated with there 
developmcnu we find, in the fossil records, chat the water acor- 
pions dwindled in imporunce and duappetred. The hightf 
vertebrates, freed by their progressive development, tended in 
great mcesure to lose their srmour. Portions of it, however, 
survive in even the highest forms. In our own case we have no 
bony scales or other supeificsal armameni. But the greater part 
of the bones of our head are demuJ elements, covered, it is true, 
with thkk skin and some muscle but still oomparativciy stqw- 
ficiil in posKion. 

• SHAHKUKB FISHES-DIVELOPUENT os 

JAWS AND LIM0S 

To teach the evolutionary stage of typical fishes, two great 
advances mutt be made over the structural plan of the ostraoo- 
(terms or lampreys, in the devdopment of biting jaws and of 
paired fin*. Only with the evolution of jaws and teeth could 
vertebrates leave the bottom, where food debris accumulates, 
and become predacious types, preying on larger living things. 
With the development of this new mode of life, faster locomotion 
for the punuit of prey became necessary, and most true fishes 
have ceased to be flattened types and have developed rounded 
bodies with a torpedo-like, streamline construction. 


a 
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jAWS. The odfin of (he jtwi iimdibr lurmited by • Kudy of 
ihe skekton of (he sharks. There are, in every primitive verte¬ 
brate, skeletal bars lyhts on either side of the thrMt between (be 
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gill opening*. These have two principal part* - upper and lower. 
The jaws lie in line vii(h these dement* and, like them, are com¬ 
posed of upper aiKl lower part*, with a joint between, ft appears 
highly probable that the jaws are merely a from pair of gill ban 
which have enlarged, have routed their free ends forward, and 
have been pressed into Mrvke to perform a new function. 

In our own head and that of all 
hi^ forms the upper jaw k fused 
to (he skull fn diarks. however, the 
upper jaw is usually tliU a s^arale 
element which itonly looeely atudted 
to the dcuU. A deUil of construction 
which w« may note here because of 
its future IcDporunce k the fact that 
the main upper joint (hyomandibular) 
of the arch jutt behind the jaws is 
uiiKted to prop the jaw joint against 
the tide of the braincase. 

The origin of the jaw* k fairly 
ob^out IB a modem shark, but even 
more so in Chthselaehe. an ancient 
Devonian shark which had already 
become an active salt-water dwdler. 

Frequent finds of this form have been 
made in concretions in the deposits 
from (he andent seas which once 
coveted (he Ctovebnd (Ohio) region 
and have revealed not only skekul 
siiucture but even sudi detaik as 
muscle fibres and kidney tubules. In 
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Cto*w*>eA« the Jaws eeem obviousJy In eerk# with the ^ 
hind them. Here. too. we «ain a due as to the origin of The 

dds of sharks and other primitive fishes contains small pomted 
structures, or dcnildoe. which give it a landpapet-Uke texture; 
these are essentially simihir to teeth in structute. In Cbuhtthekt 
the teeth which line the jaws ate simiier in appearance to these 
denbclee. and it is probable that teeth arc mereJy denticies which 
lay in the skin aloni the mouth margins and have become en¬ 
larged and used In a new way. 

uuas. The main soutce of movement of a shark or any 
typical fish is by sideways undulations of the body and utl, 
which press the water beck and the fish forward. Steering b 
hy the various fins. In all vertebrates, even the Javriecs 
forma, median fins, lying along the midline of the body - dorsals. 

anal - help in steering, and 
the caudal fin (abo medbn) 
b a major propulsive organ. 
‘The paired fins, correspond¬ 
ing to our arms and legs, 
first typically appear in the 
jaw-beating Ashes as oocea- 
sorysteerlngorgans. Inmost 
fishes the paired fins have a 
narrow bm; in CktdoM~ 
ioehr. however, they ate voo' broad at the body end and similar in 
structute to the fins of the back. ThU suggesu that they have, like 
the medbn fins, developed os simple flaps from the body. In an old 
bottom-dwelling ostracoderm. motion was pfesuroabty all in a 
horixonial pbne, and vertical median Arts vwe all that were necee- 
tary for steering and turning. But with an active life off bottom, 
tolling motions became possibb and had to be controlled. The 
peired fins were to become slrueturea of supreme importance in 
tater vwiebrius; but in Ckuhstlacht and other early fishes these 
limbe seem to have been merely stabiliaiitg rudders. 

BAaLV shauxlikb roaua The oWeat jawed vetiebraies, 
aruient ancestors of the sharks and higher groupe, appeared by 
the end of the Sihtrbn arvd the beginning of the Devonian at a 
lime when the osiraooderms were still abundant The jawed 
fishea of thb early day were, without exception, armoured and 
had not begun ihe dccleUi rcgreatkin characterbtic of sharks. 
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Jaws wen still in the ‘cxperimenltl sufs' nnd wen sometioies 
but feebly developed, toowUmet quite eberratit in nature. Paired 
flni, loo, were quite variable. Most characteristic of these ancient 
>wed fishes wen the spiny sharks (Acanthodiins). These wen 
still river dwelkrs and were stili well armoured, covered with 
Kstf and pUtes of boctelike material. Each fln had a stout spine 
as a cutwater (fin spines, however, are not infrequent in living 
sharks). An interesting fcalun of the spiny sharks is that then 
was considerable variation in the number of paired flna. Some 
had Rtenly pectoral Cchest*) and pelvic Chip*) fine, oorrespond- 
ing to our own arms and In others, however, there were as 
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Riwiv as si* or seven pairs of these appendages. Seemingly, these 
old Jcrtebriiei had. so to ip«k. not quite ' 
pairs of appendages we« of the greatest utility, and only later 
did they Kttk down to the orthodox two ^irs. 

A^aooiait. A peculiar side branch of 
like forms is that of the extinct ‘ioint-neeked* ftito 
of the Devonian. These types seem to have strayed 
Une of tub evolution at such an early stage that 
of iroc jaws or true piured flns In 

Dhikhihy*. best known of the irthrodtres, had by the end ofro 
Devonian become a giant marine form, with an estimated body 



tength of twenty-six toct. and some ceiaced types were et^ 
lawr. The posterior part of the body «w generally naked in 
anhrodircs. but on the front half of the trunk the originel an^ 
was retained and elaboraied. The head and chest portwos of the 
■jTTSour were separately constructed but connected at either side 
of the •neck* region by complicated joinu, to which the nem 
of the group refer*. There were massive javHikc itnictutes wi^ 
fanglike projections; DMt*thys and hb relalive* were shingly 
(he greatest ofcamlvorei in the ancieni s^ These jaws, however, 
are thought to have operated in a peculiar fashion. While any 
ordinary animal opens and doses lu mouth by droning ^ 
raising the tower ^w. it is believed that the arthrodires held their 
tower jaws stationary and raised trsd lowered their heads instead! 

oevcLOPMENT OS LATia sHAgKS. While a few of the 
earliest sharks remained in fresh water* until the end of the 
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Paleozoic, the vau majoriu' of iheee form tended ntpidly towards 
a tnahne existence and also tended rapidly to shed the ancestral 
armour. ChdoMiaeke was far aloni irt this evolixionary prooess. 
and in the Carboniferous there appeared the first represenutives 
of the modern shark order. For several periods these forms «ere 
none too conunon, perhaps because of the rarity of suitable food 
for flesh^iers in the ancient seas. Later there occurred a rasi 
migration of bony fishes into the seas, 'fhese higher fishes haw 
been the main source of food supply of the sharks from that 
lime to this, and in the late Mesozoic and Tertiao' >hsrk types 
have been a wnspicuous eleriMot. although not numerically a 
large one, in marine faunas. Living sharks range in size from the 
gigantic (but harmleei)* whale shark’ of tropical seas to the small 
dogfishes abundant in coasal waters. 

Once sharks had gone to sea, a possible source of abundant 
food for them lay in the great wealth of marine invertebrates, 
panicubriy the molluscs. Some memben of the group became 
adapted for a mollusc-eating mode of life at an early daw In 
shark history, but the skates and laya, living memberi of the 
shark group whkh live on shell food, are a comparatively modern 
developmenL The ray's mouth is filled with a pavement of power- 
fill teeth for aushing purposca. Moliutcan food is, of oourse, 
found on the floor of the ocean, and in correlation with this bet 
we find that in skatea and rays there has been a secondary fiaiwn- 
ing of the body for boitom-dwcBing. The pectoral fins haw 
enlarged to form huge flaps at the side of the body and in some 
cases meet each other in front of the head. The tail has been 
reduced to a mere whiplash which In sting rays bears a poisonous 
spike. Another type of defensive weapon is found in the tor¬ 
pedoes, a ray type in which peculUrty modified musdes give off 
energy not In the form of muscular ntovement but as electrkiiy. 
(Similar shocking devices are found in ceruin catftsbea, ee^ 
and even, apparently, in one of the oldest of osiracodenn typea.) 

An odd side branch of the shark family s that of thechimaeras. 
the ratfish and relitivea. Theae ore comparatively nue deep-sea 
forms of peculiar appearance, with a small mouth containing 
stout tooth pbws capable of dealing with hard food; stiuids 
apparently are a staple in thdr diet. 

With these grotesque types we end our excunkms among (he 
tower sharktike flsh» They have not. on the whole, proved a 
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wecett: many type* »re quite «tinct. ^ Uw auivivlng groups 
eoostituie but a amall pereeniage of living fUhea. 

MIOHE* FI8HBS-THB SKELETON FROOKBSSgS 
LVNOS BBOIN 

Much more Important have been the hither boiv 'J*'**^ 

eoortitute the vast maionty of the wwld'i pr^i 

Md have occupied this commanding poaitioo since the tote 

^‘^l^The term 'bony fahee’ b 

to there types. Is not an altogether fortunat^, 

Mcn. bone to an exceedin^y ancient chara^ in 

But it will serve to dtotinguiah them from thedegewate J^PJjy 

and iharka of to^y, in which bone haa been eourely kwu It is 

only in the bony ftihes and the 

that this hard akeletal maienal has been efltoontly and per 

appeared in the Devonian, the Age <rf Fbhe^ 
and alraoat immediately rore to a posill^of prommenre In 
fteah waters. In ancient bony fish 
eneiored in bony scaJes. the head and shoulders covered 
stout, bony ptoles. The top and sides of 
JfbfflS^pe^lly placed In the skin (dem^ bo^), and 
further plates protected the gill region, the should^ t^ th^t. 
and Ure^kwer jaws. StiU others were fonn^ in tire skin lining 
the mouth, fusing the old upper jaws to the skull and ttwlaniing 
ihem for the most part. Other bony ekmeott great 

meoMire to reptoc* the shark eartitoges not only in the bramew 
but in tbe body and limb skeleton as wdL !l b of interest ^t 
the pattera of bones laid down in these old fishes may be ir^. 
with roodlftcaiiom, into almost every later and highw veriebrare 
type. Almott every etoment of the human skuU can, for 
be direcUy compared with a correepooding element m t^ skull 
of there ancient bony fishes. Higher forms have often lost old 
bones, but only rarely have new ones been added. 
tONOl. A still more cbameterisUc feature of bony ftih app^ 

to have been tbe early developmenl in them of luiijp or lu^lU 

structures. Wc usually think of lungs as attnbuies of land ani^ 
But in two diverse types of primitive living bony fishes, ftme- 
lioniiic hmgs are still present toKlay. and there • strong 
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evi<ieiMe uisgestinc the^r univtnal presera in the oldest bon^ 
Ashes. 

The reason for this development of lungs may be found through 
a consideration of psobable Devonian climatic condiiioRS. The 
Age of Fishes was, it is believed, a time of vioient alternations of 
seasons; much as in ocrlain regioos of the iropks to-day. there 
were rainy eeatoos alternating with Untes of severe drought 
If the streams and ponds in which the oMest Adtee were llviag 
tended to dry up. the water would become stagnant and fool, 
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Tte fiSulea at hinfi aM M aeSa f . Lvafi ipptm la ba«a bw 
la aM^ Seaj> Stho aa lUnela paM aaaa a p iaSa i aw Imm Om 
■ aSaiiWa aC iba Ihfoat. !• lied fWm Waaa haw paaWaaS bal aMh 
tovrawd aOcUnry. »*hw lo SgSdbw of iha iaamai waSa of Hm 
la aaai MMi. havaaai. UM MraWara hai haan rnwa ■ nm s, lla laa* 
lad to cfaalaa haw aUnaS m iha tap at lha itoaau aaS ika aac iar»aa 
aa» aa a laae ta» « a hyiiaaaMkafpa. tto air MaSSir. T h i welalliaani 
tfapai an illaiirimrt ahaw. In aacfc eaaa than la aheaa a laellaa acraaa 
ibaboSraaS a Wap e aeiaal aa t Sea «r ga *nS hias aa ihair iha alaapta 
to iMr talatiw poaiitod fSaatd aa a Sean if Daan 

Itcking the necesssry oxygen for vmter-brealhing. Such con- 
ditkms would miliute strongly against sharks and other lungtes 
Ashes. But if some sort of membranous lung sac were developed 
in the throat, a Ash in such a pool could come lo the surface, 
gulp down air, and breathe atmospheric oxygen in default of 
oxygen in iu native waters. 

The primitive lung appears to have been a doubie sac lying on 
the underside of the chett region of these Ashes. This is essentially 
the type which has been retained and developed in land animals 
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UMl b found UHtay tmong • f«w uopk*l ffal« whi^ Hve In 
regions tv^ea to seasonal drought. But in most latcf Bahes the 
original long structure has been much modified. It b obvious 
that a lung on the underside of the body renders an animal 
Boating In the waier tOf>-heavy. and In most living fomis the ^r 
sac has been shifted to that it lies above insiead of under the 

Further, «n times beyond the Devonian, climatic conditions 
apoear to have been less fluctuating and the lung of compara¬ 
tively Hide importance as a feature of survival value. TOs sac 
has in most modem fishes ceased to functioo in breathing ^t 
has been turned to a new use. By filling the sac with air. or with 
gat secreted in its lining, specific gravity is reduced, and (he Ash 
tends to rise in the water; upon emptying It the fish tends to 
sink. The old lung has become a hydrostatic organ, analogous 
to the ballsst tanks of a submarine. 

FISH ANCESTORS OF LAND VBaTBERATBS 
At iho very beginning of their hbtory the bony fishes had divided 
into two roups. One, that of the ray-flniKd fishes, or Aclino- 
pteiygii. will be ireaied in a separate chapter. The second roop. 
that of the Choanichihyes. or ftsSee with iniemal nostrils, will 
be discussed here. These forms have not. as fishes, been a sueeees, 
but they ate of immeme evolutionary importance as the stock 
from wbkh all land vertebrates have arisen. 

The Choankhthyes in turn are divisible into two orders - the 
hingftih. Of Dipnoi, and the lobe-flnnod fishes, the Croaso- 
pterygii. both almost extioct at the present time. Although the 
crossoptciygians are scluelly closer to the Une of ascent, we shall 
first describe (he lungfish, since their living repmenutives show 
many of the traits expected in the fish ancestors of land forms. 

LUNoriSH. The Dipnoi include to-day but three forms, one 
of which H present in each of the three southern continenu. 
One Is found in rivers in the Interior of Australia, a seoMMl in 
(he upper part of the Nile Basin of Africa, and a third in South 
Amcrico inhabits the swampy re^ of the Gran Chaoo, over 
whkh the BoKvians sisd Paraguayans waged war a few years 
ago. It to of interest that these are rcgiooi subject to seasonal 
drought and hence are habtuts in which lungs may be highly 
usefbl. The tung^ group derive* iu popular name from the 
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pratenoe of the*e orsaos; span from two arctuiic ny-flnoed 
form (imndoned iatcr) which dwell under comparable cod- 
ditiofu, (hey arc the only liviBB fahet which have retained 
hmclional hinis. Lungs are w vital a part of hingftsh economy 
(hat they are apparently neceasary for norml life as well as 
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duting drought An AmerieaD sdeatiit Homer Smith, in hia 
book XVimnvo. tdli bow for t kmg time hia effort* (o keep 
African hingfitb alive failed beauce he thougbilenly kept them 
in ihallow tubs of watef. Undo- such condition* they were 
unable to tilt their bodte* sufficiently to get the nostrils above 
water to in air; the poor fish had drowned. 

In meet fishes the nostril* are merely pouches, contahung 
water, in wWcb the olfactoiy sense funcUoo*. In the lungfish. 
howevtf. the jaw cooitructlor his been so modified that there 
is an opening from the oasat sac to the inside of the mouth u 
well ■* to the ealerior. This opening is useftil in allowing the 
fish to breathe air at the surfiice without opening the mouth 




and thus'shipping water*. IntemaJ nostrils of this sort are present 
in all IsimI vertebrates but ar* found in Ash only In the lungfish 
and tbdr crossopterygian cousins, These ofwnings are technically 
termed the choanae, and it u from this characteristic feature that 
the nsune applied to such fishes is derived. 

Apart from nostrils, hingftsbet and their lobe-finned relatives 
have many common feature* whkh show that together they 
form a rMtural group. The modem lungfishes lend to be rather 
elongated and eei-fike in proportions; but. as our figures Indicate, 
the fossil record shows that this is a modem tendency and that 
in early days crossopterygians and lungfish were very stmUar 
in build. Of known common features «« will here dte merely 
tbe significant fact that in both groups the paired fins have 
prooiinsit fleshy lobes; they contrast strongly with those of tbe 
actioopleryglaiu. whidi are supported only ^ homy rays. 
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The wft anatomy of th« hwigfishM levaals many atnicturea in 
the nervous system, blood voaseis, etc., whkh are hifhly com* 
panWe to iboae found in primitive land dwellen, and in the 
early stages of their development a lungflsh and a frog show 
identical ooodibons. Lung&thes ate thus close to the 
ancestry of land anlntab. But there are certain specializations 
wtiicfa show that they are slightly off the direct line. The lungfab 
are eaten of small tnolhncs; tMr jaws ate peculiarly modifled 
for this diet, et>d the specialized teeth are fused into fan-shaped 
crushing plaies. The lungflsh are, so to speak, not the ancestocs 
but the uncles of land dwellers. 

CROasoPTBavoiANS. The lobe-Rnned Ashes, or crosaop* 
lerygians. an the group nltlch we believe to have included these 
actual ancestors. Lobeftns wue abundant in the Devonian, like 
the relate hingBsh; in later periods, however, they dwindled 
rapidly, and no typical member of the group survived the end 
oftheMeozolc. In oonsequeooe, our knowledge rrf them it more 
restricted to the case with the lungttob. From the fossils 
we can gather much irtfonnation about other organ systems u 
well as the skeleton, and we feel conRdent that in the older 
lobeAns there wen present many of the features, such as internal 
nostrils, lungs, etc., in which the htngfish reicmblo land types. 
The old crotsopterygiaDS had avoided the spccislizcd diet and 
related denial peculiarities of the lungflsh, and in alnwst every 
respect the skeleton can bo closely compared with that of 
primitive amphibians. These fish lack typical legs, of course. 
Bui their ftns an of exactly the sort one would expect to Ar»d in 
ao aswestor of the amphibians. As in hittgflsh. the Ans contain a 
fleshy lobe, within which are bony skeletal supporu. Of these 
typf K* only one attaches to the shoulder skeleton. At iu far end 
an found two clemenu fonning a second An joint, while beyond 
this then is an irregular branching series bones. This to a 
pailcm baucally oompanMe to that of the kg of a land aninuL 

Typical lobeffns were fresh-wster fishes which, as we have 
said, early became extinct. Much longer-lived wen nsemben of 
a side branch of the lobefins termed the coelacanths. These early 
mignted into the seas and became rather specialized, abort- 
bodied, marine forms, specimens of whkh have been found in 
varioua deposits up to the end of the Mesozoic, some Afly>Ave 
millions of yean ago. No later fossil remains an known. Thus 
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seen before - a bis. <lMp*bodie(l. flve>foot ftsh with large, bluish 
He brought it ashore as a curiostty. and, since its oily 
body was decaying, it was skinned, stuffed, and nwunted. When 
u zoologist from a near-by college was consulted, he received 
e surprise which would have been little greater had he seen a 
dinosaur walking down the street For tlUt unknown was a 
coelacanth. a lobcfin belonging to a group supposedly extinct 
since the days of the dinosaurs. 
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Presumably there are more of these ftsho in the deeper seas 
off South Africa, but the international situation has thus far 
prevented the intensive search for them that would have been 
undertoken in more peaceful times.* We have noted that die 
coelacanihs had uken to the ocean; ihb last survivor may be 
a deep-sea type, living normally at depths below those at whkh 
most Ashing operations are carried out. It Is. of oourae, a cnis- 
fortuiw that most of the contents of head and body were des¬ 
troyed in mounting the specimen. But we may comfort ourselves 
when we consider that In io habiut this fish had departed widely 
from that of Its primitive ancestors and that lu siruciures and 
Ainctiont. when known, will probably show highly spectalized 
rather than primitive conditions. 



* Since these words wm written a second coelacanth was taken oeer 
the Comoro Itltads io I9S2, end was preserved in good condition for 
stiemiAc examination, which is now in progran. [Ed.] 



CHAPTER 2 

Modem Fishes 

W»inthecroi*o|«erygi»»'»"*^ limflW** h*ve been of mijor 
imporUDCe u encealore of higher wrtebrttei. (hey hevc pUy«d 
bulT minor role in the drnin. of fish hiitory. Here the teiporttot 
rolM heve been pUyed by member* of the other mnjor group 
of bony fl»b« - the AcOnopterygii. or ray-toned fah. 

As hu been indicatod, the group derive* itt name from the 
Mnicture of the paired 6m. Eaceptional case* apart, these are 
only of a web of ikin supported by homy ray*. Flesh 

and bone do not Invade the Ha to any eatent and are courted to 
its base alone. There are. however, many other differ^ 
between these forms and their cousins, the Owonichthyet. 
including marked differences In the structure of the scales, 
different pattems of the boom of the hend, lack of Internal 

nostrils, etc. . . _ 

What the factors are that have been responsible for the success 
of the group H b difficult to lay. One Item of Interest has to do 
with sense organs, Like most vertebrates, the Choanichthyes 
appear to have been largely dependent on the sense of smeU for 
Iheir knowledge of the eatemal world, and the eyes were not 
markedly developed. In the raytoned group the olfactory 
orpM are present but relaiively unimportant The eyes, on the 
other hand, tend to be large and apparenUy are the dominant 
acme or^; this contrast is reflected In the brain organization. 
Eyes may thus have been important in actinoplerygian history. 

The air bisdder, toe, may have played a part In thdr succecs. 
Only the moil primitive of rayflns reUined a hing. In thb group 
alone b found the iransformetlon of thb structure Into an air 
bbdder. a hydrostatic organ which, as suggested in the last 
chapter, may have proved of great utility, particularly In the 
aeas which have been the home of most later actinopterygians. 

Still more important in the rise of the rayflns may have been 
dK mere force of numberv In other groups of fishes there tend 
to be but relatively few eggs laid - from a few dozens to a few 
hundreds. Here, however, the eggs, although small in size, may 
thousaitds or even millions for every female. Other Ash. 
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such as the (3io*akhthy«e, may have gone in for conservation 
of the individual, laying fewer eggs, furnished with a more 
abundaot food tvn^y of yotk. On the other hand, quantity 
not quality has been actinr^tcrygian motto. Individuals may 
die in shoals, but the fecundity ctf the race will fill the ranks 
again in a short time. 

paiMtTivB aAY-riNNBO PiSKBB. The oldest tayfins (the 
pataeoniscids) appeared in the Middle Devonian. They were, hw> 
ever, not particularly abundant at that time and were gretihr out- 
nuRitered by the ooniemporary tobe-Anned Ashes and lunglbh. 

Two living African ftsh represent the earliest ray-Anned stage, 
although in somewhat modifted form. The bichir, or Polypurut 
(’ottny-Anned’). is the better known of the two. Like the okleat 
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fossils, the Ash Is covered with thick and shiny booy scales, and 
there are many primitive features. Mott interestieg is the fact 
that we And here akme, among living rayfias, well-developed 
and functional lungs opening in primitive fashion from the 
underside of the throat This Is to be correlated with the Ash's 
habitat - the iqjper Nile and other iropMal African areas where 
teesonal drou^ts occur. The Ans have changed somewhat, 
however, from the primitive type, not only in (he division of the 
beck An into the series of soil-like structures whidi give the Ash 
its name, but oho, most unusually, in the fact that the pectoral 
Ans have developed s Aeshy lobe. This- lost feature caused 
Potypuna to be included among the croasoplerygians for many 
before its proper place was realized. 

Two other types of Ash, both present in Americtn waters, also 
represent survivors from an early stage of evolution of the nyAns 
- the sturgeon sod the paddleAsh, or spoonbill, of the MlstissippL 
Theae types represent a somewhat more advanced condition, for 
they possess a typical air bladder rather than a lung. On the other 
har^, the 6tu have remained more primitive than in Polypitrua-, 
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the Uil ftB. for cMtnple. b stiU eaenUAlly jhwktikc. with Ihe lip 
of the body tilUfl* up into the upper pert of the till. 

Again we find defenemtc featuiw. for the *c»l«e have ^ to 
pent measure tost, and these fishes are toapsnouted mud- 

gnibben with feeble jaw*- . ^ 

In the MeswK era the rayfim were the dominant fishes and 
were pfogrminf towards modem conditioni. The only sutvivoo 
KxUy of thae intermediate member* of the group are two 
common Amerian fishes - the long^uted. **^-*«‘^*"- 
pike, common in riven of the Mbsissippi system, and the bo^ 
or fre»h-waier dogfish (rirnb). a typical lake fish of the Middle 
West and South. These fishes are fresh-waier forms, but most 
of the Mesowic actinopterygians had migrated Into salt water, 
end the sea* were the centres of Uter evohitioo of the group. 

TfLEOSTS-THt DOMINANT MODBEN TVFI. TOWtrdS ihC 
end of the Age of Rqrtile* there arose the tetoens. end products 
of icUnopteiyglan evolution. No sharp line of demataison 
marks them off from their aocaion. although technically they 
can be charactaieed by numerous details such as the assumpUon 
of a superficially symmetrical tail fin. thinning of the scales, etc. 
The leteoiu form an overwhelming majority of all living fishes, 
inctoding every fish familiar to us ewept those already men¬ 
tioned - every food and game fish, every fishy inhabitant of the 

fteeh waters ofthe northern conlinenu (except their four primitive 

relatives cited above), and the vast majority of marine fish. 


numbering perhaps 20,000 spedes. 

aODV POtM. The teleous are exceedingly varied in every 
regard. In body shape and general organiation rather primitive 
types indude such familiar forms as the herring and ardioe; 
trout and salmon are a link more advanced. While the fin rays 
of primitive types are rather numerous and flexible, many pro- 
gresuve leleostt have fins supported instead by but a few stout, 
movable spine*. In body shape there are enormous variations. 
From sudt a smoothly contoured, fail-swimming type as the 
mackerel, there are iransiiiou to luch extremes at the stubby 
sunfishea or the elongate e«l shape. The floundcre have developed, 
for bottonwIwellLng. a flattened body comparable to that of rays; 
but the comparison is only a superficial one. Seemingly, the 
ancestral teleosu had become so deep-bodied and narrow that 
the iop-(o*bollom flatterung seen in the cays was impossible for 
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them. Instead, the fish, exceedJnsiy thin, has simply toppled over 
on it* side- The heed presents a peculiar lopsided oppearaaoe, 
msioly due to the fact that the tye of the uodmide, which wouid 
haw been pressed into the mud of the bottom, routes around 
the edge of the head in the young flounder to the upper sMe, 
where it ts of use. 
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DISTRIBUTION. 1116 primitive tcieosts. Bs we have suggested, 
evolved in the sea. and the vast nuiority of the group still live 
in salt water. Th^ have, however, returned in considerable 
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numben to the fresh wsiers which were the hocnes of their 
encesion: the carp end caifisbee ere membere of one teleoet 
subgroup whkh cooiiiu Ehnoei entirdy of freeh-witer foma. 
Lend end lir ere not, however, tetoost domdm, eJthough ihwe 
are so-MlIed hyinf fishe* which tnay glide for lome ditunoe \ 
above the waves, and a few forms, such as the • treoeiimbing 
perch’, may clamber on their fin spines along the beach or even 
up on to nungrove roots. 

In the seas leieosu are most abundant in the shallow coastal 
waters, where food materials are most pIcntiJbL Rather ksa 
numerous are pdsgic fish - forms, that is. which frequent the ■ 
Kigh **•« far from land. 

Still less cofwnoo. but eaceedingly Interesting, are the deep^ 
fiahes. lekosu which have descended into the depths of the oocao 
and have evolved into a strange and grotoeque crew in Ibcsr 
encounters with the probtoni of oustence in that world. Light 
riccTtascs rapidly in intensity as one descends. As far as it goes, 
it is utilizoJ for viskm. and large eyes ere frequent among fishea 
livirtg at moderate depths. At great depths, however, the Eun*a 
rays do not penetrate; absoluK darkness prevails, and in certain 

the abyssal forms the eyes are degmerate. On the other hand, 
seme deep^ca mhea create their own light and have developed 
light-forming organs, sometimes erranged m hna along the 
body like the portholes of a liner. Plants are absent from the 
depths, since in the absence of sunlight food cannot be menu* 
fsciurcd. In ooitsequenee, til life, and hence food, is scaree. A 
deep-eca fish must be prepared to make the most of any edible 
object Umi comes his way, and we And forms with huge dis- 
tensIMc mouths capable of iwaBowini creatures much Ur^ 
than themselves. 

LiFS'HiSToaita. In some cases the eggs of teleosu tend to 
sink to the bottom of shallow waien and undergo development 
there. A majority, however, produce eggs which float near the 
surface of the sea. Such egp are tiny uanshicent objects which 
ore laid in enormous numbers. It has been estimated that an 
average female cod may conttin at the breeding sesaon about 
6.500.000 eggs. Most of these will fall prey to the vicissitudet of 
oceanic lif& But if only two of the many millions which she 
may lay during her lifetime reach maturity, the survival of the 
race is assured. 
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Tbere Ere many intcrtsting variations in breeding habits. 
Some Involve migration from salt to fresh water, or vice verts. 
The salmon group, for example: the Atlantic salmon spends 
iDost of its life in salt w»ter but returns annually to inknd streams 
for breeding purpoecs. Thta species may make a number of 
migrabons inland for breeding perpoees during its life. It it 
otherwise with typiea! Pacific forms. TtMoo salmon, once in the 
sea remain there until maturity. Then Utey return W fresh water, 
and their lifecycle ends. After a journey (ofleo long and difficult) 
isUand to breeding-grounds, they spawn for the first and last 
time and, spent, die. 

HISTORY OF THE Bsu Most intcresUng In many ways of 
all life4»iitofies is that of the fresh-walcr ecb. These animals 
abound in a number of regions, notably those bordering both 
shores of the North Aiianiic. We shall confine ourseives to the 
European speclei. since its history is better known than that of 
the American form. Ecii are common inhabitants of the stream 
of w«tem Europe but have never been seen to breed, and eggs 
and larval forms are unknown there. It was. therefore, not 
unnatural that the ancients believed that they arose tpooianoously 
out of the mud in which they dwelt. 

Out a century or so ago. however, it became obvious that eels 
migrated from and returned to some salt-water breeding-groui^ 
Ewry autumn maiuro eels migrate downstream lo the river 
mouths, and every spring tiny young eels, called dven, ascend 
into fresh water. The eel remains in inland waters for a pervod of 
(tom eight to a do«n yean and constantly increases in si». the 
adult males averaging a foot and a half in length, the females a 
yird or BO. Eventually sexual maturity amves, and the eel. now 
sihery in colour, joins the autumn migration down to the sea. 

Eeb migrate in enormous numbers. One writer has estimated 
that, from a single lagoon on the Mediterranean coast of France, 
about 100.000 silver eels enter the tea each autumn and that the 
whole number leaving the European shore in a single seasoo may 
be of the order of 25.000.000.000. Where do they go? It was at 
fifst thought that they bred in the waters not far from the river 
mouths they had left and that the elvers ascending the rivers 
the next spring were the product of these activities. But if this 
were tnie these well-fished coastal waters should yirid plenty of 
breeding eels. eggs, and small larvae. This is the reverse of the 
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truth. Of the ntiUitrdt of eds wtikh leav« the tend etch tututnn, 
htrdly t one hu ever been teen after kavins the ahora They 
tiinply distppear. Where do they $o7 

Tbm have long boon known in the oceans smaJl fishee termed 
Lfpioctphalia ('thin beads’). Not merely the head but the whole 
body (I thin, and these tnnshicent little creatures, a few inches 
tong, have very much the shape of a tree leaf. A Arsi chM to the 
major problem was obtained a few decadea ago when an Italian 
Kieniist kept some of these little Sshet alive in his laboratory. 
To his astontshment itwy underwent a complete metamorphosis, 
or change of shape; the leef-like body contracted into a thin 
cylinder, and the L^toetphatas became a baby eell 

Leptonp/ubis was known to be present in many areas of the 
North Atla/uic Ocean. With this duo to go on. a Danish occano- 
papber. Johannes Schmidt, collected specimens from vahotts 
parts of this groat body of water. When the dau u to their site, 
the time of year, and locality were plotted on charts, the ed 
story hnalty became dear. 

Every spring, m April, eel cgp and tmy larvae may be found 
in a circumscribed area of the Adamic, a few hundred miles in 
eateni, south.«ui of Bermuda. It is to the depths beneath this 
spot (hat the adult eeb travel to breed. The adults have never 
been found there; preeumebly they perish onoe their repro¬ 
ductive duty is accomplished. The younfc however, do not 
remain on the spot or drift with the currents; they sot a course 
for Europe. By the following spring many of them have reached 
nud-Allantic and have grown u> two inebea or ao in length. 
Arwiher year finds the surviving larvae fully grown to three 
ktebes and arriving off (he margins of the European continent 
During the following summer and winter metamorphosis occurs, 
and by the foUowing spring - ihrae yean after ihdr birth - the 
dvers migrate upwards into the inland weien. 

The American ed has a similar but simpler history. Its 
breeding-grourvd ike in the aitme general region but more to the 
aoutb-weat; and tince the distancaa are shorter, the larvae take 
bat a year to reach the coast 

We have, thus, the mRjor fecta of the eel story. But why this 
curious iUb-historyJ And how do adults and young find their 
way in these long journeys through tradtless seat? 



CHAPTER i 


The Conquest of the Land: The Amphibians 

Ouft story of wrlebrates has so far been that of primitive traier 
dweUen - fbh and fish«lUce fonns. This evoiutionaiy history has 
not been unmarked by progressive features, for we have witnessed 
the appearance of jaws and paired Am, structures Mhoee develop¬ 
ment ensMed our earliest mud-grtibbutg ancestors to teave their 
sluggish Itfe on the bottoms and become active, agpessive forms. 
Out the greatest adventure of ali still lay before the backboned 
animals - the conquest of the larvd, a feat which led to the 
development of hi^wr groups of four-footed terrestrial verte¬ 
brates. 

The change from water to land tife was Arst initialed in the 
Devonian 1^ the cariy amphibians and completed by the reptiles 
in the late IHIeozoic: later, from reptilian types, were developed 
the warm-blooded birds and mammsls. Orm the water was leA 
behind, there took place wide and repeated radiations of four- 
footed typea. TheM land dwcUers have adapted themselves to 
almost every conceivable mode of life m the surface of the earth 
and have, aided by the advances made during land life, taken to 
the air and reinvaded th« seas. Snakes, birds, men, and whales 
are but a few oxamples of the widely varied types which have 
evolved from the primitive and ancient forms which in Devonian 
and ^boniferous times Ant left the streams and pools to walk 
upon the land. 

PROORBSSivt PISH osvBLopMtHT. It WM noi aU at once, 
or in a single evobiionary stage, that there occurred all the 
HMny change* necessary for a Ash's descendants to become good 
land dwellers. Some of the cesenliab for hnd life had already 
developed in the bony Ash and. particularly, the lobo-Atuied 
forms from which the tetrapods sprang. Lungs, a prime essential 
for land animals, we have seen already present in the primitive 
bony Ash. These forms too (in contrast with sharks, for example) 
bad a well-developed bony skeleion without which life on land 
would not have been possible; the problems of bodily support 
are much IntensiAed on land, and a backboiw or limbs of 
cartilage would not stand the strain of lerreetrial Ufe without 


44 MAT4 AND THB VHtTBBRATBB 

bendifis or bn*king. Further, in the lobe^finned flsh, we heve 
teen developed • uoul fleshy and bony lobe in the paired flns, 
which gave the potsibililHe of development into lend limbs. 
Potential land adaptatioRt were thus already being initiated in 
the flsbea: and. on the other hand, land adaputions, as we shall 
see. ara only partial in the amphibians, first of four-footed 
animals. 

Lire-HtSToav op ampkibians. The amphibians are the 
most primitive aitd earliest known of four-fooied animals; they 
are. aa a group, the basal stock from which the remaining land 
vertebrates have been derived. Living ampbibians indude but 
three comparatively unimportant orders: the flogs and loads, 
the salamarxlers and rtewts, and some rare wormlike forms. AU 
are highly spocialixed and have departed far flom the first land 
forms. 

The lifo-htstory of a typical frog, however, shows many of the 
etsential charectcristia of the class. The eggs are rather small 
and without the protective metnbrenes or Shdl found in reptiles 
or higher types. Normally the frog lays Its eggs in the water. 
>ust as has been the case throu^out fish history, whereas the 
reptilian egg i* laid land. The embryo hatches out as a tadpole 
while still very small (for there it liitle y^k in the egg) and must 
find its own food as it grovis in the water. Later, with approach¬ 
ing maturity, the structure of the body changes radically: the 
gilb disappear, lunp and limbs develop rapidly, and the polly- 
wog becomes a frog: the animal becomes a land instead of a 
water type. 

But even then the amphibian is not enurcly freed float an 
■Ouatic enviroruneni, from the need of living the 'double life* 
to which the name of the group refers, for at the breeding season 
the frog must return to the streams or ponds; a complete adapta¬ 
tion to Und life, a decisive break with water-living, is impossible. 

Various devices have been developed by emiAiblens, which 
tend to avoid, to some estenl, (his necessity for a double mode 
of life aiMl a double set of adaptations. In several insuoces the 
are laid is moist burrows rather than in the water. Some 
tropical tree frogs never descend to the streams but lay their 
eggs in rain-filled hollows in the trees: some toads carry thdr 
eggs about on their backs. None of these or other devices, how¬ 
ever. Ims ben a complete success, and it is not to be wondered 
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•I that among the saltniandm. and appamitly among many 
octinct groups as well, there are numerous types which have 
(so to speak) given up the struggle and have slwnped back, 
(everting to a permanent life in the water and a tire-long retention 
of water-breathing. 

AMrKtfiAN LOCOMOTION. AiQODg livuig amphibons the 
takmanders and newts ai^roach closely in body form and 
general appearance the most ancient land dwellers. The body 
and tail are elongate; median ftsh Ans have diuppeared. but the 
tail is often much flattened and is still an dTeciive swimming 
organ. The paired Ans of the ancestral Ash have been trans¬ 
formed into land limbs. Them limbs in salamanders are quite 
p pati and feeble as compared with the legs of other higher types 
but are largo compared with Ash appendages. Salamanders can 
move their kgs freely: but the body is still thrown into sinuout 
curves v^kh push it forward on the tegs supporting it, much 
■3 the Ash pushes forward by pressure on the water which 
surrounds it 

paiuiTiva AUTHiBiANS. Bui while the saiamarKkrs may 
resemble in superficial fashion the ancestral amphibians, such 
modem types are quite specialized and degenerate; the primitive 
four-footed animals from which all land forms have descended 
were quite ddferent in many of their structural features. 

Among the oideet and most primitive of known amphibians 
was a group (the labyrinthodonis) abundantly reprcsenicd In 
deposits laid down in the Carboniferous swamps from whkb 
most of our coal deposits have come. One of these (D/pfovenr. 
broit) b ilhistratod. Thb form appears to have been, at iu largest, 
about two feet in length, but some related types were u large as 
modem crocodiles, which they may have resembled somewhat 
in appearance. Much of the life of these ancieni amphibians was 
still spent in the water, and small Ashes which abounded In the 
poob of the coal-measures swamps seem to have been their 
nT»i» source of food. Id their long, slim bodies, well-developed 
«»ih , and many Internal features these early amphibians were 
ttin not far from the lobo-Anned Ashes from which they sprang, 
but the presence of limbs capable of locomotion on land b an 
obvious and striking difference. The skulls of these old forms were 
cooipletety covered by on armour of bone, just as in their Ash 
ancestors, and the ^dcr amphibiam are very often called 
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jjegocephUiAM. or ‘roef-lwwled- «npliibi*n». beau» of this 
fact. (The very oonsidcral* reduction in ikulJ booM in modem 
amphibUm b one of many features vrtUeb show that ihey are 
dewnermie iyp»). Behind the head in the ftshes was a bony 
for the giil region; bui the giiU tova disapp^ ta 
land forms, and this eoveriril h** 8one with it In fishes, a sUt 
in the side of the skuU just in front of the gflJ pfe«M untamed 
the «nall first gill opening or spiracle. This 
in the skull of primitive land animals and sull lodges thu gill 
Doueh wfiich, as we shall see. now serves a very dirferenl funcuon. 

In fishes there was no special mechanism for uansmitUng 
sounds to the inicmal ear. which lay deeply buried wi^ln the 
braincase. but on land the problem of hearing » a very different 
one Vibrations In the ak are lescapt for lotnelhmg of the order 
of an explosion) loo feeble to set up vibretiom in the animal s 
body and reach the hearing organ In this fashion. For the re¬ 
ception of sir waves, tetrapods. from the early amphibians up. 
have estaWisbed an amplifylni mechanism (cf. p. 310). Across 
(he tube of the old spirede. and primitively in the notch men- 
Honed above, is a membrane, the eardrum, which picks up 
(he sound «ve». Between ihb membrane and an opening in the 
side of the braincase beneath iu which communicates with the 
internal pan of the mr. there iiretehes in lower tond types a 
imall bone called the lUpes, or stirrup; this is a modification, 
for a new uic. of the hyomandibuUr bone which. In fishes, helps 


prop up the jaw joint. 

The most striking contrast between the earfy amphibiani and 
their fish anccstore b seen in the limbs. These were quite snail 
in most of the eariy amphibians but already showed the pattern 
of the bony structures seen in land forms in general (p. 34). 
In the front limb of teuapods there b always one large proximal 
dement termed the humerus running from shoulder to elbow. 
A secood Jong segment of the limb conuins two elements - the 
radius lying on the inner (thumb) side and the ulna on the outer 
side, capped at the tcv ‘funny bone*. Beyond these two 

bones b a series of small bony elements making up the wrist or 
carpus. Bevond this, again, b • series of long bones lying In the 
palm and each terminating in the free joinU of a toe. In the hind 
kg there b a similar development, but the names are different. 
The first segment b the thigh bone or femur. The second segment 
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conuint two bones, the tibia, or shin bone, and the smaller 
(needle bone) on tbe oulside. Beyond these are the smaU 
elements making up the ankle or tarsus, foQowed by the bones 
of the sole <rf the fool and toes much as in tbe hand. In a majority 
of tssxl forma, just as in man. there are live fingers 

ki both front and bind limbs. But most amphibians have but four 
front (oea, while, on the other hand, ihm is some reason to 
believe that there may have been as many as seven Angers in 
some primitive land types. There is no a priori reason why five, 
particularly, should have been selected as the proper number; 
very likely there may have been considerable variation among 
early types before hitter tetrapods' settled down' to the orthodoa 
five toes. 

paosLtus OP AiR'BatATHiNo. We have liute knowledge 
of changee which must have been going on in the softer parts 
of the body of these aiKient amphibians, but we can draw nuuiy 
inferences from existing types as to the evolutionary proocssea 
under way and the new problems encounter«l in the develop- 
iDcni of land life. Chief among the di/Bcuiiiea in the transition 
between water and land life were those which have to do with 
oxygen supply. The fish lung is generally developed to a greater 
extent in an air-breather but never becomes a very efficient organ 
in modern amphibians. Much of the breathing is done through 
the moist skin, and tome amall salamanders rely entirely ort this 
latter means of gaining oxygen and have lost their lungs. Reptiles 
and higher typos use the ribs and chest muscles to fill their lungi 
Amphibians have never acquired this method of breathing and 
use their throat mutclet to swallow air just as their fish ancestors 
used those same muscles for pumping water to be utilized in the 
gills. 

A further difficulty In lung-breathing is the problem of 
circulating the oxygen absorbed in the lungs. This 
is further In chapien 4 and IS, to we shall merely 

point out its main features here. In fishes the heart receives only 
the impure blood Item the veins and transports it all to the 
gills; from the gills only aerated Mood it passed beck through 
the arteries to the body organs. But from tbe lueigs, now intro¬ 
duced into the circuit, the pure Wood mixes In tbe heart with 
the impure venous Wood, and this mixed fluid flows alike to 
hiop and body. Tbe separation of the two blood atreams has 
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not been completely brought ebout in j^phibiani. and th« 
indent dpcuktoty syitem has probably been o«e of tbe 
causes of the failure of amphibiam to become a successful group. 

AMPHtsiAH ANCBSTRY. Mmy feature o' 

the early amphibians point definitely to the lobc-finned f»h as 
the ancestots of all Und forms, In the skoU pat^. and even 
in such tieuils as tbe minute 

eloec agreement beivreen the two. The lum^ of lo^y are 
quite rinUlar to the amphibtow in ibdr mode of developmmt 

Jnd in many of their internal ofgani. But this merely means that 

0» lungftsh are related to the c««oi««>g«ins : ^ 
lobo-Bitncd fish ttiU in existence we should pro^b^flnd u> 
he cwn more similar to the living amphibians lo their soft pans. 
TTie ooe really conspiciioui difference between the two types 
iiea in the limbs: the fins of these fish were much imallar than 
the Was of the ampbiWans. But in some cases, at least, we have 
noted that the fins were esseriially similar in iinicture to the 
land type of imb. A primitive amphibien was, in ctsence, only 
«lob^ned fish in whkh llmbe capable of progression on land 
bid been tlcvdoped. 

WHY LAND LiriT The most pruniuve of known amphibans 
mre. as we have said, inhabiianu of fresh-water pools and 
streams to Carboniferous and Devonian times. Atongside them 
Uved rtprescouUwi of the ancestral crossoptcrygians. forms 
similar to them to food habits and to many structural features 
and differing mainly to the Waser developments of the paired 
limbs Why should the amphibisns have developed these limbs 
and bceoma potential land dwellers? Not to breathe air. for that 
could be done by merely coming to the surface of the pool 
Not because they were driven out in search of food, for llwy 
were ftslheatiog types for which there was little food to be had 
on land. Not to escape enemies, for they were emong the largest 

snimals of the streams and pods of that day. 

The development of limbi and the consequent ability to live 
on land seem, paradoskany. to have been adaptations for 
remaining in the water, and mic Und life seems to have been. 

so to speak, only the result of a happy accWfcnL 

Let us eomidor the situetion of these two types - lobe-nnned 
fishes and amphibians living in the streams and pools of the 
Ute Paleozoic. As leng as the water supply was adequate, the 
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croswpuo’CiEn was (MobaWy (he better off of the two, for he 
w»$ obviously the belter swimmer; lees were in the way. The 
Devonian, the period in which (he amphibians originaied. was a 
of seasonal droughts. At tima the streams wouM cease to 
flow, and the water in (he remaining pools into which the fish 
uxl ancestral amphibians were crowded must have been foul 
and sugnani. Even M the lob^nned fish, since he possessed 
lungs, was at no disadvantage, for be could come to the surface 
and breathe air as well as the amphibians. 

If, however, the water dried up altogether and did not toon 
return, (he tabke were turned. Under such circumstances the 
crossoptery^n was helpless and must die. Dut the amphibian, 
with his newly develop^ land limbs, could crawl out of the 
shrunken pool, walk up or down the stream bed or overland 
and reach another pool where be might uke up his aquatic 
•RBtence again. Land limbs were developed to resch the water, 
not <0 leave it. 

Once this development of limbs had taken place, however, 
it is not hard to imagine how true land life eventually resulted. 
Instead of immediately taking to the water again, the amphibian 
ought leant to Unger about tbe drying pools and devour stranded 
Ash. Insectt were already present and would afford the beginnings 
of a diet for a land form. Later planu were uken up as a source 
of food supply, while (as is always the case) the larger forms on 
land mi^t uke to eating their smaller or more harmless relatives. 
Finally, through theM various devclopmenu, a land fauna would 
have been etublished. 

OLOBB AMPHIBIAN TYPES. Until recently the oldest>known 
remains of amphibians dated from the Carbonirerous, time of 
formation of the greet coal deposits. But already at that period 
amphibians were quite diverstCed, and we felt sure that their 
origin must have uken place further back in the Devonian, 
when tbe development of early Ash groups was at its height, 
althou^ no ami^lbians had ever been reported from rocks of 
that age. In the past few years, however, thu gap in our knowl¬ 
edge of the ancestry of higher vertebrates has been AUed in by 
the discovery of very primitive amphibians from the late 
Devonian of Greenland. 

Many coal-swamp amphibians were still of (be very primitive 
sort described earlier In this chapter. But besides these big 
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amphibuui fonm there were numeroo* inuUer one*, often highly 
ipecialixed la various ways. Many had appamtly ceased to 
leave the water at all and had much reduced Iknhs and a anako' 
tike body. Others had huge Hat heads with hornlike proeesset 
and may have spent their lives on the bottoms of the poob. 
Still other small but more oormaMooking types may have been 
the ancestors of modem amphibiaiu. Before the Carboniferous 
had closed, the reptiles, a group much better adapted to land 
life, had already sprung from the primitive amphibian stock, 
and towards the end of the Paleotoie amphibians rapidly de> 
creased in numbers. A few large degenerate remnants of the 
old amphibian groups survived into the Triassic but then became 
extinct Beyond that time the only known amphibians are 
members of the three living orders, which cooitltute but a small 
and uniti^vortani psrt of the vertebrate life of modem times. 

MOoaaN AMritiaiANi. As we have noted, the living salt- 
manden and their relatives are not dissimilar in general appear* 
ance and proportions to the ancient types, but in the skull and 
skeleton there are iitiny degenerate features. As in modem 
amphibians generally, the old bony scales of the fish have 
disappeared; the skin is M(t and moist and acu as an loccasory 
breathing organ. Salamanders are consequently unable to expose 
ihemselves to dry conditions and when not in the water are 
usually found in moist wooded areas or buried under logs and 
stones. Most of them emerge on land as adulu but return to 
the water at the breeding season; in a number of instances they 
remain permanent water dwellers. Oills may be retained through* 
out life. The mud puppy, not uncommon throughout the Middle 
West, is a form of this sort In a few cases lungs renMin un¬ 
developed. Another Interesting type is the axolotl, found in 
ponds and lakes in western North Amenca. particularly in the 
Valley of Mexico. Under nomal conditions this small sala* 
minder remains a permanent water-dwelling gill-breather. But, 
if experimentally treated in various ways (such as feeding it 
thyroid extract), the axolotl changes markedly, loses gills, 
develops Hs lungs, and comes on to land as a spotted black and 
orange salamander common throughout the United States. 
Evidently in the axolotl we have a form that (d to Peter Pan) 
never grows up; It b a permanent larva, sexually mature, but 
immature in other respects. 
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Other purely water-living salamanders may also have had a 
simUar hkMory. In the case of the mud puppy meniioDed above, 
however, no treatment has been able to make the animal become 
a tarreetriai aduh; the animal baa, to to speak, forgotten bow 
to grow up. It it probable that this peculiar type df evoluiiooary 
development may have played a considerable part in the history 
of other animal groups. 

A much more flotuishlng group of living amphibiau la chat 
of the tailless forms - the frogs and toads. Since they are am¬ 
phibians, and since the omphibians are the lowest of terrestrial 
groups, it is often assumed that frogs and loads arc, <pso /arro, 
primitive land vertebrates. But this b really the reverse of the 
case; the frogs are in many rcapecu among the mMt highly 
specialized of backboned animab. The specializaiions have to 
do mainly with their hopping naetbod of locomotion. The back 
U extremely short; them may be os few as sight vertebrae, 
whereas a primitive land form would probably have had nearly 
thirty ioinis in the backbone iwt including the tail. The hind 
lep are excessively long and highly specialized, and the front 
legs, although more normally proportioned, are also much 
modifled, with adaptations of the shoulder bones which break 
the shock of landing. It b quite probably their peculiar mode of 
locomotion which baa enabled the f^ogs arsd toads, alone of 
amphibuns, to remain a fairly Oouhshing group. 

There remains for IWlher eonsideralioo among amphibians 
only a group including a few incorupicuous tropical forms, the 
Ap^. or limbless amphibians. These are smaD, almost btusd, 
burrowing animab whi^ look very much like brgo worms ind 
have no vestlgea of limbs. These vecy degenerate creatures are 
not at all closely related to the groups considered above, and 
their fossil hbtory b quite unknown. 

THB PAiLURB OP THB AMPHiatANS. The amphiMsns are b 
defeated group. They were the first of vertebrates to emerge from 
the waters on to the land; but they were not destined to cons- 
pkte the conquest, and, at lint abursdant, they have shrunken 
into insignificance among four-footed vertobratee. Only by tbe 
reptilee, thdr descendants, was tbe laivd truly won. The reason 
for amphibian failure and reptilian success b not far to seek; 
it Iks in the mode of developaient. Tbe ampbiblu is still chained 
to the water. In the water it b bom; to the water it must 
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periodicalty return. We h*w noted wrious dcvkw 
^biunt which hove enabled them w ^ ^ 

cul» to »oiBe eieient; but tbe*e makeshifu have •>« bew 
p^SculBriy eueewsftiL The Bmphibian tt con^ttve in H* 
SSfdovelopmeotel proceBse*. It is. In rmliiyJtiHe moce^ao 
t peculiar type of fish which ti capable of waBtln* on land. 



CHAPTER 4 


The Frog 


Wb hen turn wide from the aenerBl story of vefWbmte erolutioa 
la to greater dewil a commofl amphibian - the frog, 

fn many elementary courae* in bitrfocf lhi» animal is disaecied 
la a fODresenttUve vertebrate. This account b inserted to ace^ 
(MRY such laborBtory work; in ooosequence, U a more replete 
5S; technical terms than aie other sectiena of the b^. ^ 
those interested only in ntoro general viewpointt will be we»l 
•itvbed to pass thu chapter by. 

White it b posaiNo to study the frog without refemneo to any 
Mher animal, anatomical work b always of greater mterest if 
A^oe in a eomparaUve manner. In chapters 
aJwnt of the human body, with a discussion of the lustork^ 
t-ckorouftd of ib anatomlcsJ features. It b suggested that the 
ft^il,t well be compared with man and that the description 
,1^ human organ systems be rend as dissection of^ frog 
Mooesses With ihb in view, the accounts given farther on m 
thb^Pter of the varsoui organs of the frog body have been 
arransed in the same order as U used in the consideration of 
humansMucluita. and references are made to the pagM covering 
thTsaroe topici in man. Many of the common fundamen^ 
comidecBtions applying to both animals are treaty in the 
Moount of the human body and therefore are oiretted in the 

the frog as a favourite taboratocy animal it diM 
to several factors. One item (not a minor one in these days « 
ratricted college budgeu) is the fact ihst it it c^mon. le^ 
■vsibbte. and hence inoapenstve. There are. however, go<^ 
sctenliftc grounds for iw election. As an tmphibmn it repr^u 
a group halfway up the family tree from fish to mammal - an 
•average’ vertebrate, belter suited for use than «iber exmsno 

tvoe if but one form b to be studied. 

U must be pointed out, of course, that even thtt anitm^ 
its disadvantages. We have noted earlier that modem amphibani 
ace somewhat degenerate in thdr skekttl sys^ and the frog 
b no eawcplion to thb condition. Further, the jumping hsbete 


it MAH AHD THB VB*T8»»AT8f 

0 / the frogs h*v« caused great modificaliofla of the limba. so 
that t hw appeodagea are to be eonsiderod ss highly specialued 
tuucturea. However, apart from feature* of the skeleton and 
anncles. the frog appcan to have adhered rather ckaely to the 
general patterrt found in primilive land-dwelUng vertebrate*. 

THE LtFB or THE rkOO 

The forms moet frequently used in the laboratory are members 
of the typical frog genus /tone, The butlfrog. flaw eatejbiono, 
is an exceptionally targe form; /*. fiipiffis. the leopard or grass 
frog, is the commonest of American speck*. The bullfrog tends 
to spend much of his life immersed. The leopard frog is more 
of a tand dweller; In damp weather he may wander far from 
the water but is commonly found along stream banks, ready to 
leap and submerge et an instant’s notke. 

FOOD. Adult frogs are purely carnivorous la a broad sonae 
of the term - etters. that is, of animal food. Since (bey are of 
modest lise. the food supply mainly constsu of mvertehtatee. 
Earthworms, insects, insect larvae, and spldcri are favourite 
foods. However, they have no eompuncilon against eating other 
vertebrates, and minnows, tadpole*, and even smaller frogs 
may fonn additions to the diet. The frog Modi to snap instioc- 
lively at any small moving ob)ect near by (such as a Wl of red 
Banned!). The teeth, however, are relatively feeble; an important 
method of obtaining food lie* in the protfusibility of the tongue. 
This organ is highly developed, attached anteriorly, and normal^ 
He* with Hs free tip turned backward in the mouth. Prom (his 
poetiioa it iiMiy be flipped out suddenly to gain contact with a 
fly or other deaired titbit. The tip is sticky, so that the object 
touched adherm to it. A reverse flip, the food it in the mouth 
and is swallowed without further ado. The protrusion of the 
tongue b brought about by a peculiar mechinitm. A large sac 
in the floor of the mouth suddenly Alb with lynvb and pushes 
the tongue upwards artd forward. 

SNBMiia The frog las. in turn, numerous enemies. Man. 
either in pursuit of frop* kgs or in search of your laboratory 
animal, b a najor factor in frog destruction. Prop ofler a 
nibtuuitial and favoured food supply for snake*: various birds 

■nd tome mamntals and even Ashe* prey upon them. The ladpolm 

are. of course, much more susceptible to attack, and their 
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eneauei include not oidy vertebmto but a number of aquatic 
■ p.. . yndef ordinary condilioos only a satall pcrcenu«e of the 

larva) frogs ew reach the adult stage. SdU other enemka are 
oarasiies of various sons. Ueebes suck their blood, and there 
numerous internal parasites such as flukes, roundworms, 
nisnerous protozoan spedea, and even parasitic pUnts which 
invade Uwir tissues. 

tocOMOTioN. The locomotor abilities of the frog are highly 
i^ul to him in escaping from his emOor enemies, for he is an 
Bocomplished jumper and swimmer. The front legs are of 
r^ tv to support the hmd and chest and break the force of the 
rail on landing; the hop is accomplished by a sudden siraitfiteo- 
ioa (eatension) of the hind tegs, which in rating pose ate flexed 
In readiness. A frog Jump under good conditions is well shon 
of a yard (Calaveras County jumping coorcsis not considered). 
In swimming the front legs are little used; p^lsiw b ac^m- 
nUshed by alieroate kicks of the hind legs, which push the webbed 
amnsi the water. A favoured resting position is one a 
which the frog fleets in the water In a sprawled position with 
only no«e arvd eyes proiniding; the level at which it floatt may 
be regulated by Ailing or emptying the lungs and thus alters^ 
the SMCiftc gravity of the animal as a whole. Diving from the 
bank begins as an ordinary leap, followed by a vigorow do^ 
ward swim. To dive from the floating potitkxti. the frog flm 
Dvm itself a vigorous push back ai>d down to ' submerge’, then 
tiiu the body downward to begin its swim to cover. 

Besides flight, other factors help escape from erwmwa. Soto 
of the ^ ghuvds seaete a mildly poisonous maierW ^ich 
TOkes some animals avoid the frog. By 
air a frog may become a rouitd and slippery object, dimculi for 
its enemy to swallow. 

anhual um-cvcle. TTie activities of frogs wy grMdy 
with the seasons, perticularly in temperate cUmaiea. The animal 
k a cold-blooded form, that b. It is unable to maintain a constant 
body temperature; hence in the winter it must hibernate, and 
an it burrows in the mud to avoid freezing temperatures. Durmg 
(bb season the internal acUvities of the body #> <»>“■ f"**® 
reduced rate, drawing for fuel upon food mateciali stored in the 
body, particularly in the liver and museka. With the coming of 
spring the frog becomes very active. The sex organs devdop 
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giwily tbe body oT the remek Rite with ess». *nd the breedint 
teeson errivts. Once the ««i are kid. life goes on at a slower 
tempo. During summer and autumn new stores of food are hJd up 
againsi the approach of cold weather. 

aaeBDiNO. In the grass frog the breeding season commonly 
occurs some lime during April, depending upon the climeie of 
the region concerned end the nature of the season - the warmer 
the sooner. Frogs are. at other seasons, easentially unaocsable 
and sotitaiy in their habits. At the breeding seaaon. however, 
th^ become highly grcgarioui and congregate In large numbers 
in shallow bodim of water. Fertiliadoo b external, the male 
clasping the female and dbcharglng aperms which fertilbs the 
eats as they emenc. The ebtping movement b a readily exctiable 
^ aciioo of the male: typically, mate and female remain 
clasped for several days before the eggs are laid. 

OBNBRAL FiATUaas OF THI FROO BODY 

BODY ReoioNl. In iu coniouts the frog body shows a 
division into three regions - head, neck, and tnink - found in aU 
higher vertebmw*. In the lUh there was no dbtinctive neck. In 
the frog, with the dbappearince of the gilb, which by in 
thb area, a neck appeers. It u, however, ihorter than in reptiles 
or higher groups, and there b in consequence relaUvely little 
freedom of motion of the head on the body. The mink b much 
shorter than in typical vertebrates. A marked spedaliauon of 
ihe frog b the reduction of the tail; only a nidimeoujy stomp 
remains, concealed in the general contoun of the body. The hind 
legs are developed to an unusual degree, equalled eUewhere only 
by man and some other Wpeds. Thcae various speciallzaiions 
of the frog are to be associated with its peculbr leaping 
habits. 

oatiNTATioM. In dbseding or describmg a vertebrate, alien- 
tion must be paid to terms used to describe the relative poaiiion 
of various paru and organs. The frog b, of course, bilaierally 
symmetrical, the ri^l and left sidea fundamentally mirror 
timges of one another. The direction in which the animal mov« 
(here the b»d end) b termed ‘antwior'. the opposite end 
‘posterior’. Upper and lower surfaces are called ‘dorsal and 
•ventral’ (Utin for ‘back’ and ’belly^. An annoying feature 
in the aiiempl to compare any four-footAd animal with man Ilea 
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bi the fact lhai nun’* upright po«Wfe catues changes in direc- 
lional terms. Since anterior means the direction in «4t)ch an 
inimal moves, this term in man becomes the same as venirsl. 
end poeterior the same as donaL We thus need new scientilV; 
lenns for the urNuvd-down directions In man; these are sup¬ 
plied by using ‘superior' and ‘inferior’. The eonfUsion that 
am be (and U) caused by this altifl in posture can be readily 
icMfined. 

It must be remembered that most diagrams of body organs 

are drawn from the ventral side, as they are seen in the dissection 

of the abdomen. The right side of the animal is thus to the 

, leader's left and vice versa. _^ 

surERFiciAL FeATURBS. Most of the ftog body H covered 
with a soft, moist skin, intemiptod by a number of openings or 
other topographic markers. At the front b the widely gaping 
mouth • just above iu anterior end are the ejctertial openings of 
ibe nosirib (or nates). Farther back on the head are the promi- 
nenl eyes and the largo eardrums. At the posterior end of the 
I body is found the opening of the cloaca, a pocket Into which 

i open not only the digestive trart but abo the tubes carrying 

' urinary and reproductive products. 

‘ BODY CAVITIM. When Ibe dmeciion of the mtemaJ organs 
ii veil be found that most of them he packed In compact 
f fashion in a Urge cavity - the body cavity, or coelom. Here am 
found ix»» of the digestive organs - stomach, mteaunes. liver, 
and panerms - as well as the reproductive organs and spJceo, 

S while the kidneys are exposed on the back wall. In roansm^ 

' the lungs lie in separate comparunersu. separaied from tto 
i abdomen by a museular partition, the diaphragm; but in the 
^ frog the lungs tnund freely into the geneal cavity. As in every 
vertebrate, hewever. the bean occupies a separate pencardisl 
cavity. 

The coelom U lirscd by a thin but continuous membrane 
known as the peritoneum. This cover* not mortly the outer 
walls but abo aU the contained organ*. There do iwt ‘flow 
fttely in the body cavity but ire attached to the walb by folds 
r of the membrane, called meeenteries. The most impo^ 
' mereniery descends from the midline of the back wall of the 

1 abdominal cavity to anchor the stomach and intestine in 

place. 
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SKIN 

In iho frog, *s lo ewy vertebfBie. the Skin cowtott of two^^ 

The more tupertWel is the opittomis. wnaisting of e sheet of 
ceUs which forms e moist and thin but continiKW outer Mvesin*. 
Deeper lies ibc dennii. mainly a fritlike mass of coonecUvo-tHsiie 
fibres but containing blood vessels, ne^ and sensory sm^. 
In its skin the typical modem amphibian diifc« maniedly from 
both lu fish ancestors and the reptiles. The fish wm cov^ by 
ihfck, bony scales pheed in the dermis; the frog '»•* 

tm« of these structures. On the other ha^ WUks have 

acquired superficial scales, or scuiee, formed by of 

Sny msterial in the epidermis. Such seek* are lacking ta 
amphibians, although slight deposiu of horn may form in the 
tkin in some cases. The frog is thus left without the protectioa 
of either type of scake. and iu soft skin makea it necessary for 
the animal to stay tn damp environments to prevent eaeesssve 
drying. Neverthekes. thh type of skin has one advantage. It k a 
moist membrene which is capabk of absorbing osygen and giving 
off carbon dsowde; richly supplied with blood vessels, iiactt as 

en accessory lung. .... 

The skin contains numerous glands of lunple construction, 
essentially ^bular pockets in the epidermis. Most of those 
secrete a mucotB materiel which keopi the skin moist. Rckiivtly 
few in number are larger glands which produce an acrid Ihiki 
thought to be poisonous in nature. Whik this appears to he 
t^iively ineffective certain toads secrete definitely pokooous 

materials. . 

Just beneath the eptdermis is a layer of cdls coouunmg pig¬ 
ments of at least two type* - one dark, one yellow - and crystalline 
granuke. Combination* of these elements in different proportiom 
and positions give the green, brown, end other frog coloun. 
Punher, the colours in many cases are not ftsed but may show 
owing to eapension or contraction of pigment-bearing 
cells or to changw in their relative positions. 


NKltVOUS SYSTBM * 

In lha nature of their nervous times in gcneril > the spinal cord, 
(be pttiphenl nerves, and ibe autonomic nervous system - the 
• Ct. pp. 286-98. 
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f(o« uxt are essentially similar. 
Id fact, apart ftom tbe brain, the only 
noteworthy difference between the two 
b tlsat in the frof the body b so short- 
eoed that (here are but ten pairs of 
fpinal nerves in contrast to three times 
that number in man. 

Even in tbe brain many features ace 
dosety oomparablc with those teen in 
man. At t'w back end of the frog brain b 
the tneduUa obtongata, which appears 
in general structure to be littb more 
than an expanded portion of tbe spinal 
oord with which it b continuous. In tbe 
medulla are carried out many of the 
more automatic nervous activities of the 
frog body, and to thb region of (be 
brain a(tach most of (he cranial nerves. 



A projection above Use front end of Uw 
mechUb b tbe cetebeUum. associa(ed 
with posture and muscular co-ordina¬ 
tion. Thb structure b much snmiler in 
the frog than in most vertebrates. 

Farther forward, the only notable 
(Mture of the midbrain regiem b Use 
pair of dorsal swellings, tbe optic lobes 
to wbldi In the frog (althou^ not in 
iMD) run most of Uie nerve fibres from 
the eyes. A bit fartber forward, in a 
region anatomically oonsidered to be¬ 
long lo the fore^ain. in a general 
sense, u a pronounced ventral swelling 
In the neighbourhood of the optic 
nerves - the infundibulum. Just below and 
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(readily detached) stnKture - the hypophysb. The two together 
form the pttulury. a vitally impeutant gland of internal secretioa. 

It b only in iu most anterior portion that the frog brain, 
persbientiy primiUve. differs radically from that of man. Here, 
in tbe frog, are found amall, paired swcUings, each somewhat 
at mUUengXb. Into the front hahr^ termed oifactocy 


M HAN ANO TKB ViaTEBUATBS 


lobe*, rm the nerves from the nostrils: the beck portions are 
the cerebcal hemispheret. The frog hemispberes appear to 
exercise some slight control over the animaTs activities, per. 
ticularly in causing response to stimulus received through the 
sense of smelL However. Ef the hemispheres ere careAiUy re* 
moved, without injury to other parts of the brain, and the 
animal allowed to recover fnam shock, it is found that in almost 
every ren^cl the frog b cspable of carrying on his nonnal life 
ar>d activities almost exactly as before. 
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Far diffeient, of course, b the situation in roan. The human 
brain b notable for the enormous expansion of these same 
cerebral hemispheres, which have grown so as to exceed greatly 
in bulk all the rest of the brain together and have come to be the 
directing centres for much of the body's ectivities - the seet of 
consciousness arvd memory. 

The hog possesses ten cranial nerves, comparable in major 
features to the first ten found in man. In man then b a well* j 
developed tweinh nerve, absent in the existing amphibians, but 
found in reptiles, birds, and other mammals as well. lu abaence 
la the frog has often been thou^t to be a primitive character. 
However, there u cotuiderable evidence that it was present in ] 
primitive amphibhins; ben, as in other features, the frog b a j 
bh degetKraie. I 

SENSE OftOANS * , 

NOSE. Since the inierBal openings of the nostrib lie almost 
immediately below the external ones, there b no opportunity ; 
for the dev^pment of large nasal passages in the frog. Never* 
t hfV** there are small, well developed olfactory sacs folded in 
a compUcaied fashion, which appear to furnish the frog with 
important sensory infomurion. 

•a.pp.29S-913. 
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BY*. The fuivdaiwnul p«ttcm of the eye a similar in frog 
. man hut there arc numerous diflerenccs in details of coo- 
Lids are present but are poorly developed; tiiey cannot 
dcM of ihemselwa, and the eye is shut by poJUng the eyebaU 
^ into its socket. On closure, a thin membrane attached to 
lower W and called a nictiiaiing membrane oowers over 
of the surface. The lens is iwarty spherical and of a 'fixed 
focus* type •"<> ewtoo* change either posiUon or shape to 
Lommodaie for near or far vision. The optical propertic* are 
the frog is near-sighted on land, fkr-si^ted with the 
^ iminereed In water. As in all typical venobrates. the retina 
MUiflS both rod and cone cells. In man the Utter, which make 
for colour vision and clear perception of detail, are concentrated 
ki a oentraJ area; in the frog the two types are scattered through- 
ooL and hence we may assume that visual acuity is less pro- 
oounced Purther. the frog Ueks the stereoscopic depth efltocis 
Dossible in man and many other mammaU. As noted in the 
h^n discussion, this type of visioo is rendered possibU by a 
lorting-oui of the nerve fibres from the eyes as they enter the 
brain. This doe« not occur in the frog. 

The frog is, when at rest, popeyed, the eycbelli projecUng 
orominenily from their sockets but readily withdrawn. These 
Jornemenu are aocomplUhed by the development of two extra 
in addition to the six which In all typical vertebrates 
perform the usual rotary motions of the eyeball. 

pfimilive vertebrates possessed a third, median eye between 
dw membera of the isorroal pair; this is lost in most living forms, 
but the structure often remains, as in man, in the form of a 
pineal body attached to the brain. In the frog the pineal body 
has almost completdy disappeared but may be sometimes 
identified as a tiny pigmented spot in Use skin benwco the eyes, 
completely separated from Ute brain. 

RAa. The frog la^ the external lube of the ear seen in mam¬ 
mals, imd the pfomlisent ear-drum is exposed on Uie surface. 
Within the drum Is a middk-ear cavity communicaiing with 
the mouth (u In mao) by a eusiachian tube. A single bone 
crosses this cavity to carry vibratsow from the drum to the 
Hrner ear, buried hi Use braiiscase. In man three ossicles m 
present here. That of the frog oorieipondi to U>e inner of U« 
three, the sapes. aisd bersce may be so termed (although usually 
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detitnaied as the calumellB}. The other two ear oesiclee of (he 
mtmmai still retain their primitive function in the hones of the 
jaw joint. 

The system of canab and sacs in the inner ear, recording 
body babnee and motion, are the tame at in man. The bearing 
port of the sinicture is. however, poorly developed; iraiead of 
the coiled cochlea of the mammal, there b but a tmall patch of 
tissue assodaied with sound reception. Thn suggests that, 
although (he frog can hear, it beks the ability to discriminate 
between tones of various pitch, as b the case in animab with 
acochlea. bass and soprano may be one to the frog. 

LATiaAL'LlNB oaoANB Pish possess a system of sensory 
organs arranged in a patlcm of pib and lines on the head and 
down the flanks whkh appear to r^ter movement and prcssuie 
in the water about them and thus afford valuabb sensory aid 
to the swimming animal. Such organs are still present in the 
tadpole. They disappear, however, at metamorphosb and are 
absMt in (he adult frog: reptiles, too, have tost (hem, and they 
never reappear in highv vertebrate groupe. 

OlOBSTIVB SYSTBU * 

The mouth functions primarily u the anterior end of the digestive 
lT»ci. Teeth are feeble and are confined to the upper jaws where 
(here u a row along the jaw msrgint and a small patch on the 
front port of the pabte. The tongue was noted in the rftK vwf ft n 
of frog habits. Moutb gbnds are poorly developed and merely 
secrete a mucous material: in contrast to man. they contain no 
digestive ferment. Beyond the mouth the alimentary g«ivi 
boric through (he short pharynx, or throat region, and the 
disiensibb esophagus to reach the stomach. Pharynx and 
esophagus are lined with rilb, tiny hairlike structures, which, 
beating rhythmically, aid in passing food particles downward. 
Tlie stomach b a simple pouch not dbsimibr to that of man 
in shape and functions but rather less curved. It terminates at 
a construction, the pylorus CgBie-keeper'). where the food 
passes to the intestine. 

The pancreas is rather diffuia in shape and lies along ths 
course of the bib duct, into wbkh its secretions pass to reach 
(he intestine. The liver typically has two major lobes, loft and 
*a. pp.)i4-M. 
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nostrils. The internal openings (dKMnae) are near the front of 
the mouth, for there b no devdopnwnt of a secoodaty palate 
such as b seen In manwnab. The entrance to the tungs b the 
sliilike glottb far bade in the floor of the mouth. Delow the gkMtb 
b a small chamber, the biynx. which b partially enclosed by 
cartilages belonging to the hyoid apparatus; these canilages are 
rcnmuiu of the old gilt-ber system of the 6th. The frog has no 
devciopmeni of a long trectiea such as b found in men, for the 
neck b short; beyond the bryiu the air tube divides Into two 
whi^ alnwst immediately arrive at (he lunp. These 
are relatively simple (end hence relativety incfficienl) sacs lacking 
the complicaied folds seen in the human lung. 

A mammal breathes by movements of the ribs and diaphragm, 
which suck air into the lungs. The frog iacks both of these 
structures end must use other methods. There arc two steps in 
Ailing the lung. First, with the mouth shut and itostrib open, 
the Aoor of the mouth b depressed. Thb tucks air into the nwulh 
cavity. Then the nosirib are dosed and the mouth floor rabed, 
corapeeaung the imprisoned air. which b thus pumped throu^ 
the glottb to the lungs. However, the lungs are flUed only at 
inlervah, and moutb>brealhing b a more frequent practice. As 
mey be observed in a resting frog, the floor of the mouth rises 
and falb in a gentle, regular rhythm. Every now and then there 
b a more violeni movement, indieaiing the Ailing of the lungs. 
The rest of the time there b merely a flow of air in and out of 
the mouth cavity. Thu oriSce b lined with moist skin and ecu 
as a breathing organ. 

Still further, the skin of the frog u a nwiit and usually soft 
membrane. It can and does function in breathing and b richly 
supplied with Mood vesscb whkh utilize its polentialilies as a 
respiratory organ. It has been found by careful measurement 
that even under normal conditions more carbon dioxide is 
given off by the frog’s skin than by the lungs; and a frog 
submerged in cool water can obtain enough oxygen through 
(he skin to live for several days. 

Most vertebrates, apart from birds and manunab, are voice¬ 
less; Uk frogs, however, have evolved a pair of vocal cords 
wbi^ ere fairly comparable to those of man and coosbt of a 
pair of elulic bands running across the brynx. Sounds arc 
produced by the passage of air over these cor^ In many frog 
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Mcks the male* posaess vocal taca on cither ode of the throat 
into the floor of the back part of the mouth. These 
tem as resonators to reinforce the sounds produced by ibe 
cords. 

BXCRSTORY SYSTEM * 

[0 both frog and man the basis of the excretory system consists 
of numben of Uny tubulee whkh Alter from tbe blood water and 
waste iTMUeis. whkh arc excreted as urirte. Tbcae tubutes are 
the sanM In both animals, although (as discussed in 
the ueatment of the human excretory systc^ tbe frog tubule 
carriea a mote dilute product. The mass of tissue conuiitlng the 
thousands of tubules constitutes the kidney. Despite the funda¬ 
mental similarity of tbe units compoting this structure, frog and 
nun differ markedly in the shape and position of the kidney* 
and the drains passing tbe urirw to the surface. 

In the frog the kidneys form a pair of oval strips of dark-red 
liMue Imbedded in the back wall of the body cavity. In man the 
Udney it much shonened and thickened to form a large bcM- 
structure, more posteriorly placed. In the frog the urine 
passes into a duct (technically known as the WollRan duct) 
which, in the male, abo carries tbe sperm from the Miis. In 
man this cube, as noted dsewhere. bas been given over to 
reproductive functions exclusively, and the urine leaves the 
through a newly developed duct termed the ureter. This 
name is sometimw applied to the functional kidney duct of the 
frog, but improperly so, for the two are not at all homologous. 
In tbe frog tbe urine-carrying ducts pots directly to the cloaca, 
and a bilobed bladder for urine storage it foutsd in the Boor 
of the cloaca! pouch. In man, on the other band, the urinary 
to more internally situaied. and the two dueu lead 
directly to iu 

R8PROOUCTORY OROAMSf 

piMALt STBUCTORBS. In the female frog the ovaries, tbe 
primary sex organs, are paired, more or leas lobulate bodies 
lying in the dorsal part of the body cavity. Th^ undergo great 
seasonal changes. When breeding is over in tbe spring they are 
reduced to liny wrinkled bodies. During the summer they 
increase in size and by autumn may fill mud» of tbe abdomen. 
' • a. pp. J29-32. t Cf. pp. 332-4. 
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With the coming of the breeding 
•BEMn, the numerous eggs, 
which have been maturing mean¬ 
while. bunt out of the ovarie* to 
fill the body cavity. 

From this cavity the eggs pan 
to the surface through the ovi¬ 
ducts, which also vary greatly 
from season to season and are 
much enlarged at breeding time. 
These tubes run most of the 
length of the abdomen. Anteri¬ 
orly, near the base of the lung, is 
a wdde, funnel-shaped mouth 
into which the eggs pass from 
tbo body cavity. Mu^ of the 
length of the lube is highly cort- 
vohited. The iimor surface of the 
duct b mudi wrinkled at breed¬ 
ing time. The ridges are coveted 
with ciliated cells which are 
instrumenul in passing the eggs 
down the duct. Between the folds 
ate gbnds which secrete a 
gdatinous material to coat the 
egg. Near the exit to the cloaca 
there k a thin-walled portion 
of each tube, termed the 
'uterus'. la these the eggs collect 
before they are extruded, and the uteri may become greatly 
distended. These structures are not. of course, pankularty 
comparable to the true uteri of mammals, in which developmeni 
of the young Ukes place. 

The oviduct doee rtot function in the mek, but in some species 
of frogs, including the leoperd frog. U is present in a rudbnenury 
state, lying lateral to the kidney duct This is illusuacive of the 
fact that in early devriopment the lypicat vertebrate does not, 
so to speak, 'know' whkh sex it b destined to be. and the 
be^ruiingi of the typical organs of both sexes may be present. 

Later in development the orgaitt of OfM sex or the other domiiMte: 
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(hose of the oppoeito sex 
nay cUsappoar but may 
(as in this case) pentst in 
a nKSimennry. noi>*func< 

(ionslsute. 

MALB OROANS. Tbo 
primary sex organs of the 
nak. the testes, are 
roumSed bodies lying ven- 
Iral (0 the kidneys and 
bound by membranes to 
the dors^ lining of the 
body cavity. The ftog tacks 
the coil^ epididymis 
which in manunab ad> 
joins the testis. Instead, a 
number of effereni ducu 
pass across into the frortt 
pan of the kidney. Cross' 
ing this structure, the 
sperm sc breeding eeason 
pass down to the cloaca 
through the Wotffllan duct, 
which, as noted above, 
also carries the urine. This 
situation. In whidi the 
teeies 'impose on’ the 
kidneys to obtain an outlet. Is appercntly a fairly primitive verte* 
braie conditiofi. In mammaU. tlw two types of products follow 
s^tarste courses most of the wey to the exterior. This is aocom- 
plithed through the kidney evolving a new duet (ureter) for its 
exclusive use arid politely turning the older structure over to the 
reproductive system as the sperm duct (ductus dorcrens). Tbe 
front part of the kidney has been abandoned to help form the 
epMIdymb. 

In both sexes we find. Just in front of the gooeds, a Urge yel¬ 
lowish organ, the fat body, with branching finger-like processes. 
This body serves as a storehouse for nutriroenl, waxing large in 
the summer and decreasing in sin during the breeding season; ap¬ 
parently tbe stored-up nutritive maierial is used by the sex organs. 
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CIRCULATORY SYSTEM * 

•Looo. The pJasnu of the frog Wood is cnentiAlly slmito 
to th«t of man; there are. however, some differences in the 
formed conwilucnis. The red celb are larger and oval rather 
than round in contour: farther, they lend to retain the n«leus. 
although el certain seasons a large proportion may be enucleated, 
as in mammaH. White cells abound, although the types prwt 
vary somewhat from those seen in man. Inttead ^ W®®® 
pUiciets the frog has small bodies as spindle rells, which have 
a similar ftinciioo in Wood dottirig. 

ARTBRi ts. In the fbh the Wood in the arteries /«« h^ 
to ^ before pa»lng on to the body capillari^ In U >0 fWg 
tadpole this primiUve liluaiioo still persists. In the /I®** 
ever, the gilb and their circulation are eliminated. The blood 
from the heart (lows forward and upward around 
the throat In vcsieb representing (u In man) throe of the pairee 
channels which in Ibhes lay between the gUI slits. 
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Most anterior of these channels are the carotid archoa, which 
carry blood to the bead. Behind them are a pair of br^ 
*ijich carry the Wood to all paru of the trunk and limbs. 
These are the aortic ardies. They run back above the body 
cavity awl ftise to form a large median vessel, the dorsal aorta, 
which runs bad: dose to U» backbone. A notable difference 
between frog and man is that the frog preservre boUi members 
of the pair while in man that of the ri^l side has been aband^. 
and the dorsal aorta to continuous vrith the left arch. 
posterior of the arteries arising from the heart are thow which 
lead to the limgs. These are also present In man m the pulmonary 
•app.33«-45. 
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arteries. In the human oondition they ecooree s^ratety from 
(be heart; in the frog, however, no such aqaration occurs. 

vsiNS. Into the frog bean empty veins carrying blood flrom 
the body orgaiu. A pair of pulmonary veins drains the htngs. 
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Two large vesseto. anterior cardinals or venae cavae. bring 
Mood from the head, front legs, and skin. These are ^pared 
with the superior vena cava of man. which has siaular fursriions 
but has become a single rather than a paired structure. From 
the bade part of the body comes the posterior vena ca^ 
draining kidneys and liver. This large vein is closely comparable 
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with the inferior vene ceva of man. the ahift in name beiitf. of 

comae, related to the changed posture of the body. 

Blood from the leg and gut, however, does not pas direAly 
to the heart; ifwead. the veins nrom these regiom lead to capillary 
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systems in other organs - liver and kidneys - through which they 
drain before entering the main venous cireulation. Such sysieim 
of veins are termed porul ^rsientf. One. the hepatic portal system, 
present in man as wen as In frog, receives blood from the gut 
and tends it to the liver, where part of the food content may be 





B8ART. In the ly^cal fish the heett t$ a tlm(^ stfucture with 
pmple functions. In it {* received. In a sin^ stream, the blood 
from all the organs. This is ‘spent’ blood, deprived of its oxygen 
b) its passage through the b^, and thus all of it is ready to 
pass to the breathing organs, tha gills, to receive a new supply 
of that necessary elerrwnt We And. thus, that the fish heart is 
baskaliy a &lngle>tube structure pumping all the blood it receives 
forward in a single stream to the gills. 

Id hmg'bresthen. however, a major compUcaiion arises. Two 
blood sueoins are present. Fresh blood from the lungs should 


In the f^og this system also receives pan of the blood 
from the hind lc«s via a vein along the abdomen. In the frog 
we find abo a renal portal system not present in the human 
drculatkin. Thb receives the remaining blood from the legs 
and sends It to circulate in the kidneys, thus assuring a sufficient 
flow of blood in those organs. 
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to the ma|or body etnictures, nfiUo spent Wood from the 
body should be pumped to the lungs. In nun and other m&mnuls 
this 'problem* has been adequately solved. Both major paru of 
the heart - atrium (or aurick) and ventride > have been divided 
down the middle, a doublebarrclled pump has been created, 
and the two Wood streami are completely separated, although 
paaing simultaneously through the ooa organ. In the frog the 
problem is, so to sp^, in process of solution. The heart is 
bKompksely divided; but. nevertheless, the two streams are 
fairly %vell separated. 

The atrium, tingle in the fish, here coesisu of two chambers. 
The spent Wood from the body fust enters a thio-wallcd sac. 
the sinus venosus, on the upper surface of Um heart and theme 
to the ri^t atrium. The fresh Wood from the hean. on 
the other hand, passes into the leA atrium. The two blood 
streams thus enter the heart separately. 

Beyond this p<Mt, however, structural separation does not 
ocov. The ventricle b a singb sttucture and to b a final region, 
the conus arteriosus, out of which teed all the major arteries. 
It would seem thst the two streams would become hopelessly 
mixed in their further passage throu^ the heart. 

But. in fact. UlUo mixture does take If ^ be noted 
that the right atrium opens into the venerkk farther forward 
than the left When the atria contract, this topographic situation 
resulu in a venirtek filled with Wood of both sorts but with the 
spent Wood in advance of that from the lungs. Beyond the 
ventrkk (be arterial cone contains a peculiar spiral valve which 
lends to direct Wood more readily to the pulmonary arteries 
than to (he other sets of vessels. When the ventrick contracts, 
the spent Wood thus (ends properly to pass to (be lungs; the 
Wood behind, fresh from the lungs, finds (he passages leading 
back to those structures full and hence flows, as it should, to 
the ot^ rmehing body and head. The frog system of separaiioo 
of Wood streams seems a poor makeshift; but It works fairly 
effectively. 

LYMrHATics. Except for the thoracic duct, lymph circuk- 
lioQ b relatively uniffl|>ortant is man and other mammab. In 
the frog, however, the lymphatics are mimerous. They mostly 
occur in the form of large, thin-walled sacs of irregular shape, 
between which (hete b a sluggbh flow of liquid. A lymphatic 
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'dtttfn' of this sort occapies « Urte above tbe walb of (he 
body cavity aod bekw the backbone: still mote important b 
• whole series of lymph- spaces whi^ lie beneath the sida. 
Ofculatjon of thb liquid is brou^t about through the preseuKO 
of two pairs of small pumping structures, the lymph hearts. 
One pair lies at tbe sides of the tltlrd segnient of the backboM: 
(he other pair b near tbe tip of the tail bone. They pulsate 
regularly and drain the lymph into the adiocetit vans. 

CLANDS OP INTERNAL SECRETION * 

In the frog are present essentially the same glandular structutei 
which form iniemal secretions in man, and the hormones formed 
in them appear to be in geocral of a similar nature. Since, how¬ 
ever much of (he work on eodocrines in recent decades has 
been done from the point of view of medicitre and human 
biology, our knowledge of ampbtbian secretions is not so 

complete. . . 

We have ckoted tbe prescoM of a well-developed pituitary la 
the frog. Here, as in man. this gland is of great importance not 
only in itt direct effects but also through Us InOuenM on other 
endocrines. An interesting item to the biologist Iks in iu influence 
on the gonads. Many biological problems arc studied through 
inWstigaiion oo amphibian eggs and larvae. Ii was formerly 
necessary to wait until the spring breeding scasoe to obain eggs 
for such work. Now it has been discovered an extra ■shot* of 
pituiury extract may cause the laying of frop’ eggs at almost 
any leosM desired. The pituilaiy also has an influence on tbe 
eolontion of frop- If U Is removed tbe darkly ptgrocnied oeib 
of the skin contract, and the frog bccomea pallid; uuecuons of 
pituitary extract restore the normal colour. 

The frog thyroid is similar bi hmctioo to that of man bw 
dilTen in that it of two separate lobes. Since the thyroid 

it concerned with metaboUtm. it to but natural that it has be« 
found to be of greet importance at metaraorphoeu - a tiw at 
which the metabolic talc is very lugh. If thyroid extna to fed 
to immauiie tadpedee. they change promptly into Uny adults. 
If. 00 the other haivd. the thyroid bo removed from a young 
tadpole, It may continue to grow and may even r^ sexual 
maturity but never change from the tadpole body form. 

• a. PP. 34S-S2. 
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A number of smell nructuree erise from ihc marjini of ihe 
gUl pouches In frofs, es in men. Liiile. however, is known of the 
possible functioia of these bodies. The pancrees contains islands 
which are presumably a source of insuliit Frogs have tt$s:M 
comparabte to those which form both portions of the mamnwlian 
adr«ial organs. They arc. however, dilfcrent in position and 
anmnpKneni. The frog adrenals coosist of bands of ydlowtsh 
tksue ascending along the underetdes of the kkineyi- In theae 
bands are mised nusses of cells oorresponding to the cortical 
and medullary portions of the mammalian organ. The sex glands 
too appear to form interna! socrclioni similar to those of 
mammals: but, since reproductive ftinciiora are simpler in the : 

frog, these secretions naturally are more restricted in their effecia 

SKBLBTON AND MUSCLES * . 

It b In the skeieui system that wc find the iwm marked 
specialisations of the frog. The hopping pit b obviously 
rmponsibie for the peculiar construction of the legs and limb 
girdles and undoubtedly has had much to do with the great 
shortening of the body. Even the skull b rather spocialbcd and i 

defcnerace. Except for the expanded braineasa, the human . 

skeleton, 'advanced’ as we think it to be. has a betiar claim to ] 
be legarded as primitive than has (hat of the frog. The study of 
the frog skeleton b not without interest: but we must not ddude 
ourselves into believing that wo are dealing with a ‘generaliied’ 
structure. 

The muscles too are highly spocialiied ta many ways, par* 
tieularly those of the limbs. In the course of study of the frog 
there b frequently included a dissection of some part of the 
musculature, such as the (high. Thb b of use as an introduction 
to the methods of muscle dbsection but b not to be regarded 
aa of importance for purposes of comparative study. The 
muscles of thb region form a omplex system. To them arc 
given names such as ’tatorius’, 'gritfilb'. etc., which suggest 
Out we ate dealing with the muscles known by the same terms 
in man. Comparaiive studies, however, show that for the most 
part thb b (tot the case. The primitive land animal. wHh a 
clumsy gall, appears to have bad but a small number of relatively 
roasti>e imbdes in iu limbs. Both frog and nun have become 
• a. pp. jjj-74. 
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agile types in which (heee muscle masses have eventually become 
subdivided Into an IntricRte system. But the subdivisloos have 
taken place independently la the two types, and there are few 
insiancee in which we can be sure that fro# and human le# 
muscles are actually identical. 

Both cartilage ar»d bone are pccseoi in tlic fro#; cartllaie a 
miher more common, however. In the amphibian than in man. 
Much of the skull fails to ostiiy. In the limbs trf mammals, at 
we have noted, the lerminal portions form wparate bony 
epiphyses, with ’growing poinu* of cartUage between them aod 
the shaft In the amphlWaia there are no such structures, and 
the ends of the bones frequently renwin in a cnritlaginoos 

condition. . . . j 

THUNK iKHttTON. In (bt froK ihc lenph Oi ibc body uxi, 
in the number of segments In the beckbene are 

mueh reduced. In a nwjority of vertebrates (altbough not in 
nun and hb ape relatives) there is s long tall containing hnlf-a- 
huodred or room vertebrae in many cases. In the frog the tail 
no longer projecu beyond tbe body contours, and of the tail 
vertebrae there remains only a tpikiylike structure termed the 
urostyle. or ’tail pillar’. 
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EqutUy renutlcable is the reduction in ibe more enterior part 
of the vertebral column. In most land forms the neck and trunk 
together contain about two dozen vertebrae, frequently more. 

In a lypicol frog there are only nine. A typical vertebra consistt 
of two pens, neural arch and centrum, although the two ossify 
in the frog as a single bone. The arch encloses the spinal cord, 
extends upward os a neural spine, oitd sends out on either side 
an elongate transverse process. Both anterior and posterior 
margins of the arch bear a potr of processes termed zygapopbyses. 
by meant of which the successive vertebrae articulale with one 
onoiber. The articular surfaces on the anterior zygapophyses 
fooe upward artd inward, the posterkM- ones downward and 
outward. The centrum is oval in section, concave in front, and ■ 
convex behind, each oeni/um receiving the projecting posterior 
cod of the DIM ahead. The ftrst verMbn has, anteriorly, a pair I 
of concave oval surfaces which artkxilate with the skull; the ' 
last of the series, icrmed the sacral vertebra, has unusually 
heavy, transverse processes which connect with the pelvic girdle 
Id nearly all vertebrates ribs are present articulating with tnink 
vertebrae; the frogs are notable for the entire absence of these 
structuies. 

UBAO SKCLtroN. The msuor sketcul nrucrure of the head 
region it the skull, enclosing the brain, sheltering the sense 
organs, and forming the upper jaws. The skull in the frog, as in 
other living amphibians, is much fiaitened, and a considerable 
portion remains in an embryonic cartilaginous conditioa As 
in other living vertebrates above the shark level, two typet of 
bonea ore preaent - those which replace cartilage and the mon 
superficial dermal elements. Few reptoocment bones, however, 
ore present in this degenerate type; of bones seen in thediagnum 
onfy three - sphenethmoid, prooilc, artd exoccipiial - are of this 
nature. The remainder ore dermal etements. But hese, too, 
many bones primitively present have been lost. At the bock of 
the skull, below and on either side of the foramen magnum 
(the 'big bole' through which the spinal cord emerges), ore 
paired projections, the cood^es. which articulate with the first 
vertebra. Momnwls, including man, also have two condyles, 
whereas reptiles and birds have but one. At one time it was 
bellBvod that tbb similarity indicated that the mammals were 
dliea deaceodonts of the amphibians. Tlits, however, provm 
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Do( to be the rrQ » % for we now know that enrljr un^ihiMans tied 
only one condyte: the froc end marntnel have In llii* refard 
merely evolved in peralle] fashion. 

Whereas the human jew contistt'of but e single bone, that 
of the frog conuliu three txxiy ekmenu of the ten or so primi¬ 
tively present in land vertebrates. In the throat region between 
(he jaws lies a serial of cartilages known collectively os the hyoid 
apparatus; they are the remains of the bars which in lish stilfened 
the gill arches. 

otitDLB AND LIMB SKBLiTON. In the bones of the eppen- 
dagee and the girdles which support them, the frog exhibits most 
of the dements found in all typical land vertebrates but in a 
rather specialixed condition corrdated with leaping habits. 

The pectoral or cbeet girdle, supporting the front legs, indudec 
as a main dorsal element the scapula, corresponding to the 
human shoulder Made; above b a feebly ossiAed extension 
itfmcd the supnucapula. Bdow the arm socket a bone extending 
downward and backward b called the coracoid (the human bone 
of thb name b a mere nubbin). Directly down bdow the front 
of the tcapuia b the damcle. the equivalent ot the human 
collarborte. In the ventral nudtine b a fore-and-aft aeriea of bones 
and cartilages which forms (he sternum. 

The pelvic girdle includes a more or less drcuUi structure 
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Into ihe middle of which fits the heed of the thigh booe. end a 
long prooeu which projects upward and forword to articulale 
with the sacral vertebra. The upper bone of the girdle it the 
ilium; a bone at the posterior ef>d is the bcbium. Bcsidee these 
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two elentenU the human pc4vic girdle includes a third, the pubis; 
in the frog (as in many amphibiom) ihb bone lends to remain 
unostiAed. 

In the front leg the Ant segment contains in normal fashion 
a sin^ element, (be humerus. Deyond the ctbow a typical vcrt^ 
brato exhibits (wo bones, radius and ulna; in the frog these 
arc Ibsed into one. The wrist, or carpus, conuins half>a.daiea 
small eiemenu; beyond are the metacarpab and phalangea 
making up Ihe toes. Four toes are typically developed, although 
ihorl: an inner spur, sometimes regarded as the missing * thumb 
is probably not of this nature (it may be much enlarged in the 
breeding male, serving as a ctatsper). 

The long hind leg begin proximally with a charaoenitic 
femur, or thigh bone. But the second segment (as in the front leg) 

consisu of a single 
Itto*—bene, regarded as a 
U ^ fbsionoflho tibia and 

C Abula normally pres- 

bshleoi—+ TSJ ; *’*• Beyond lies the 

X^>^puWc«til*g# ttr»is.orankJobonea. 
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“I^pkaDy. the uiul bone* Oik« tbow of the wiisO ue tiny strop- 
tuns. In Uw.frog, however, two proxixnal deiDonts (tstragalus, cal- 
caneum) are mu^ elongated. Thb development has the result of 
adding a third segment to the hind leg ar^ grealty increasing Hs 
^ectivcnets in hopping Five toes are present In the hind fool 

LIFB-HISTORY 

The development of the common specks of frog takes place in 
a water environment, the streams or ponds in which the eggs 
ate deposited in the spring breeding season. The egg contains 
a mo^t supply of nutrient yolk and himiihes a food supply 
for the embr^ during the stages in which the major t^y 
stiucturcs and the tadpole body shape are acquired. Hatching 
soon occurs, however, and the larva, hardly larger than a pin, 
must seek its own living. The tadpole Is. of course, markedly 
dilTercnt from the adult both In general appeamnee and in many 
structural features. There is a powerful tail, used as a swimming 
organ; limbs, on the other hand, are absent until a laic period. 
Lungs ore not developed, and breathing b accomplished by 
means of gilb. The adult frog b to cater of anknal food, but 
the tadpole, on the contrary, feeds on vegetable material. Is 
reblioA to thb we find many difTercnces in the mouth and jam 
between tadpole and adult, and even the intestine b built on a 
dilTereot pbn. 

Tbe period of tadpole cxblenoe u of variable length in frop. 
(o some species the entire devvlopment lakes pboe In a few 
weeks; on the other hand, the bullfrog spends several yean in 
the tadpole stage. Eventually, in any case, comes the period ef 
meiamorphosu, the change of bodily shape which turns tadpote 
Into frog. This process Involves a marked reorganhaiion of 
abnost every p«n of tbe acumai's body. The tail b rcsorbed; 
the limbs grow out (the hind legi appearing lint), the gilb 
disappear, and lungs develop; the loag, spirally-coiled ladpob 
miestine changes into the rebtivdy dwrt adult structure; many 
head structures are radically reorganized. 

These changes acoomplUied, the frog becomea a potential 
land dweller. With fisrther development in size and proportiona 
and the growth of the sex organs, the frog, by the time of tbe 
breeding season of the next spring, has arrived at maturity. 


CHAPTER 5 


The Origin of Reptiles 


In contnx with the conservfttive mode of development of the 
unphibians b that of the reptile* and the higher tetnpoda derived 
from them. The reptile lias evolved a type of e«g which can be 
laid on land. No aquatic lire-stage b necescaiy; emancipaiion 
riocn the water b complete. 

TUB LAND coo. Thtt reptilian egg Uu a complicated nruo- 
lure to whMi we muu devote some attention, for many of the 
architectural taium first attained here are tlill persutcnl in 
the wrappings oT the human embryo. 

The developing amphibtan obtains its oxygen and moel of its 
food from the water and excretes its waste mauer into the water 
again; the water also proteeis it from drying and against 
mechanitti injury. In the reptile, if the waier^dwelling stage b 
to be omitted, tubctiiutes must be provided for these advantages 
which will carry the youngster through to a stage where it can 
make its own way on land. 

As a food supply for the embryo, the egg of a reptile or bird 
contains a large amount of nourishing yellow yoUc which, as 
the embryo grows, b contained in a sac connected with the 
digestive tract A large sac, tbe amnion, develops about the 
body of the embryo. Thb liquid-fiUed sac affords protection 
against iiuuty and desiccation; It b a substitute for tbe am¬ 
phibian's rwtal pond. Out from the back end of the embryo's 
body there grows a tube and aac, the allantob, in whkh the 
waste matter of tbe body b deposited. Tbe whole egg structure 
b stiffened and protected by a firm shell oo the exterior. The 
shell, however, b porous; beneath a portion of it lie* a membrane 
pertaining to the allantob, richly supplied with Mood vesaeb. 
Thb acu as a lung, taking in oxygen and giving off carbon 
dioxide; and it b an easily confirmed fact that a reptile or bird 
egg if submerged in water will drown as surely as an adult; the 
contained embryo ceases to grow, and dlea. 

By structures - yolk sac. amnion, allantois, and shell - all 
the needs of the developing reptile can be cared for; the need 
for a vrater-dwelUng stage b diminaied, and the embryo can 
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dev«lop directly - and more per* 
fbctly - towards a purely land 
f xl tn w e. vdtid) it assumes im- 
cnediatdy upon hatching. We 
have here for the hrst tune a 
(roe land form, completely 
emancipaied from the water. 

While (he shift in type of d^ 
velopment seems obviously the 
mi^ advanoe of reptiles over 
amphibians, there have been 
other struaural changes as well. 

Limbs and backbone, muscles, 
hmgs, heart and Mood veasels. 
iudn^, and many other struc¬ 
tures have become better adap¬ 
ted to land life, and in the brain 
there Is present the ftrst trace of 
the higha oentree in the coobrel 
hembphero (the neopalUiun: cf. 
chap. 17) which were to pby a 
major role in the mental evohs- 
lion of the bter mammals. 

STEM aapTiLfl. Living rep¬ 
tiles include only a few groups, 
mainly turtles, crocodilea. liz¬ 
ards, and snakes; they are vastly 
overshadowed in importaDCe 
to-day by the birds and mam¬ 
mals defended from them. In 
the Mesozoic, the Age of Rep¬ 
tiles, however, the reptiles were 
exceedingly numerous and varied 
and included many groups now 
extinct. These forms will be 
described in succeeding chapters; here we shall merely consider 
the earUesi reptiles, first types to attain a land type of egg. 

These cxiina progenitors of the reptile dynasties are technicaliy 
known as cotylosaurs but popularly and quite appropriately 
have been termed ‘stem reptiire*. The Ant moes of them are 
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found ID the Carbooiferoua, in the depoelis formed in the great 
coal swamps when the an^ihiWani were at the peak of their 
deveiopment; aam rutiles were still flourishing in the Permian, 
last of the Paleozoic periods. 

A typical stem r^le is Sejmoi^ia, shown In our illustrations. 
(The creature takes Its name flom the Texas town near which 
its renMlni were dbeovertd.) In appearance it might be com¬ 
pared with some of the krger and more sluggish lizards; but 


iwHa Iwiipi ite mt t eimn, raON neia«L 


Structurally it was much more primitive then any sort of lizard. 
The limbs wem still of the short, stubby type found in the oldest 
an^hibbns and sprawled out tideways from the body. Indeed, 
so close b Stymourto In many skelcul features to the early 
ao^hibians that, in defauK of actual fossil knowledge of eggs 
of thb form, the academic question has been robed as to whether 
Seymourta was an amphibian which was alrcKMt a reptile or, 
on the other hand, a reptile w4iich had just ceased to be an 
amphibian. Thb debate, however, merely emphasizes tbe point 
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that it b Uw chanse in devek^xnant which a the important 
feature in the history oTfeplilM: without ihb. the great radiation 
of the group and the many structural advances and changes 
could never have been accomplbhed or cfTectlvely utilized. 

During the Permian the stem reptiles branched out into a 
Dumber of raried lioee. But their fate has been that of the foun¬ 
ders of any great line of evolutionary devciopment; from them 
arose many nwre progressive groups, and they themselves soon 
vanished ftom the scene us the true Age of Reptiles began. 


CHAPTER 6 


Ruling Reptiles 

ONCt the pciodtive repUIn bid been freed nwn the reciricliom 
of their enceetors’ equeik existence, there begen a great radkiion 
of the saurian types which were to dominate the earth during 
the hundred mtllion years or more of history known as the 
Age of Reptiles, or Mesozoic era. 

REPTILIAN LOCOMOTION 

PRIMITIVB WALKias. In no way is the greet dhtnily of the 
numerous reptilian groups better shown than in their locomotor 
adaptations. The gait of the primitive land forma was an ex* 
ceedingly dumty orw. The itmba were widely sprawled out at 
the sidea of the body, (be (nckway broad, tha step short, the 
walk a slow and waddling one. Such a type of walking is ex¬ 
hausting, for much muscular effort is necd^ nterely to keep the 
body off (he ground; the attainment of speed or the development 
of large size is tnipoasIMe. 

The turtles m their armour, oblivious to the world, have 
retairted lbs old-fashioned mode of locomotion to (he present 
day. The lizards have be co me somewhat slimmer-legged, four- 
footed types, but have not improved their limbs much and have 
amounted to comparatively IliUe. The tnakea. their cousins, 
have abandoned lirnbs altogether and evolved their own peculiar 
style of progressioTL Several reptilian groups have dodged the 
iuue by returning to the water and reshaping legs into ffntike 
structures. 

Some reptiles, the fortninnen of the maiiwnals, rmuined 
four-Umbed lsi>d dweUen but improved their method of walking, 
with important evolutionary results; in a later chapter we shall 
discuss (bees anoeaiors of ours whkb tudeed thetr legs under 
their bodies and bees me effleieot four-footed rutmen. 

THR ivoLunoN OP BiPaoL Here we shall idi the story 
of a second reptilian group in which better niiming powers 
sKie attained bm attained In quite a di/ferent way - the story 
of the arcbosaurs, or ruling r^iJes. To-day these forms are 
rtpreseoied only by the crocodiles, a rather unprogieasive and 
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dcfcnerate onkr; but th« extinct difloeaure and fiying reptites 
were abo archotaurt, and the birds are detccadanla of this 
fitwp. The ruling reptilea were tl>e dominant form on the land 
aod In the sky during the Mesozoic, and the evolutionary story 
of the Age of Reptiles is in great measure one which tells of the 
riK and fall of the archosaurian dynasties. 



Speedy locomotion in archotturs was obtained by running 
not on all fours but on the hind limbs; among the ruling reptiles 
were the world's first bipeds. How this sort of proeces might 
have suited may be seen among tome lizards of to-day, such 
as the 'mountain boomer’ of the south-west U.S.A. When gnat 
it neeeasary. the front end of the body is lified from the 
ground and balanced by the tong tail. The inefficient ^t feet are 
relieved from duty, and the better-developed hind legs cany 
the whole weight of the body swiftly forward until the burst of 
speed Is over, and the four-footed pMture is again assumed. None 
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of the lizards has ever become a true biped; the ruling reptiles 

beloog 10 a quite dilTerent stock but had a parallel early history. 

PKIMITIVB BULINO RBPTILBS 
The ancesnl archosaurs come into view in the Triassic. first of 
the Mcaozok periods. Theae progeniton of the dinosaurs and 
birds were comparalisely small creatures. The more generalized 
types had an avenge overall length of a yard or so, a greai 
portion of this being indudcd in the long tail. In appearance 
such an animal as link Omhhotucha would probably have 
rceembled a fairly large modern hard. Structurally, however, 
the differences were great The front legs were aho^, the hind 
legs very long and much modified. 

Such a creature was still able, when resting or progressing 
slowly, to walk on all fours. But when speed was neoeisary. the 
small front limbs were lifted from the ground, and speedy two- 
legged running became the order of the day, the weight of the 
toted body being balanced by ibe long tail 

It is such anoeston that there came the crocodilca, 
dsnosaun, ftying rq>tilcs, and birds; with the devefopment of 
thece little bipeds the ruling reptiles had begun their career. 

The history of the group has not been a siit^ one. From this 
stock came not only the prominent groups mentioned ebove 
but meny short si^line 'experiments* which were qukUy 
abendoned. For example, during the Triasaic some of thece 
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primilfve erchosaurs tended to take to a waier*dwelling life, 
abandoned the bipedal habiu already begun, and. as phytosaurs 
becanae common Triassk animals, represented UKlay 'Of fossils 
from many parts of the world. These forms were quite similar 
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U> crocodifc* in w and appearaoco and probable babita; for 
'readitf breathing while lying in the water the nostriU were 
lOcnetUnea situated in a ‘enter* rising above the eyes. 
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CftOCODILIS 

The crocodilea were fUUy evolved by the following (Juraaslc) 
P^dod and tepiacod tbe phytonura as water dwellers. The 
phytosaujs were not the anoesUHi but the ‘uncka’ of the cro^ 
which represent a parallel evolutioo from the primitive 
nOing reptile stock. The modem alUgalors, crocodika. and 
gtvials are a rather retrogressive group of ruling reptiles. These 
t]uggiih.creacujes have wandered far from the bipedal pathway 
which their early ancestors had taken, although they have still, 
one may note, the long hind legs and short front ones that are 
diaraeteristic of the group. They alone of ruUng reptiles, however, 
have survived, secure in their spedalired position In the wortd, 
while their n»ore ambitious reptilian cousins have had their 
splendid day and liave gone. 

Tbe one conspicuoat advance in crocodilea is th«r develop- 
cneni of a false palate. The inner opening of the rvostrib in a 
primitive land form Uy in the front of the mouth. This is on 
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Awkward position for the nostrib 
in a iMg-snouted water dweller; 
the dtancea of shipping water 
while breathing are considerabk 
We have noted that the pfay* 
lotaurs had moved the nostrib 
beck over the top of the head and 
thus shortened the dbtanoe to 
the throat In the crocodiles 
there b a much better breathing 
mechanhm. The nostrils remain 
at the tip of the snout. But under- 
nealh this (here has been encted 
a partition running the oMire 
length of the roof of the mouth. 
Mpaiaiing off the air passages. 
With the aid of ihb bony second¬ 
ary palate and a flap at the 
■itnnce to the throat the croco¬ 
dile or alligator can breathe 
perfectly well under water with 
the mouth open, provided only 
that the tip of the nose is above 
the surface. This adaptation is 
peculiarly suitable to the mode of life of these forms. 

While archosauts were triumphant on the land and fat the 
air. they tended little to invade the seas. Only one marine 
ruling reptile group ever entered salt water - marine croco¬ 
diles found in Jurassic depositi These animab had tunMd 
their limbs into steering paddles and redeveloped a rather 
ftshiike tail They were, bosvevcf, a short-lived group - sbpcessfui 
invasioA of the seas was reserved for members of other reptilian 
stocks. 
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FLYING REPTILES 

With the adoption of the bipedal gaiL the front legs of the 
archosaurs became freed for other uses. In some groups they 
UTkded to degenerate; in a few forms they functioned as grasping 
organs, 'bands’. la two cases they took oo an entirely new use - 
that of wmgs, organs of flighL Plight was twice evolved in the 
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ruling reptite Mode; 
once by the «nces(ors 
o( (he birds. «s noted 
Isur; Again, and for 
(he time mom sue* 
oe»(blly, by the flying 
rcptike. 

■nie ptcfotaurs 
pwinged reptiles'), or 
purodactyh (‘wing- 
fingerad’), were com* 
mon fonm during the 
Jurassic, middle period 
of the Age of Reptiles. 
Tbe remains of these 
and many other con* 
uotporaryanbnab have 
been preserved in con* 
sidenble numbers in 
German bihognipblc 
Mone deposits such as 
Chat at Solenltofen. 
These deposits appear 
10 represent (Ine tedr 
ments which settled in 
the bottom of ancieot 
coral-reef lagoons, and 
in them are preserved 
many delicate struc¬ 
tures such as jeilyflshea 
and wing impressions 
of pterosaurs. A good 
oampte of a primitive 
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exiunpio til m inu*i*M»w te«0 
flying reptile was Mamfihorkjmdms (not a bad name to spell « 
sprinkled Kberally with A’s). shown in our figure*. Tbb was a 
creature about a yard in length, with a kmg beak armed with 
sharp te eth , t short body, and a long tail lipped by a steering 
rudder. The hind legs were slim and feeble: but tbe front legs 
wum powerful wing supports. 

In the hand the first three fingers were short and armed with 
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dum. TIm little finger had been loet. The fourth ooe, however, 
wu very Uout and long and wai the wle cuppon of the wtog, 
a batUke (Up of akin which ran beck to the thigh regkm. 

This type of (lying amxture ta, of course, quite in contrast 
to that of birds. Nothing in the nature of ieathort was praent 
in the ptcrouura. 

Tbeee aerial r^Des appear to have been fleh-eating types, 
flying over the water aitd diving after small fishes much as do 
some modem nurine birds. NVhat they did when ashore to rest 
or nesi, however, has been a disputed problem. The kgs were 
ill suited for vralking purposes but were perfectly good clutching 
organa, as were three fingers of the 'hand'. Probably, like the 
bats, they hung suspended from tieo limbe or overhanging rocks 
during their times of rest 

Besides these long-taikd flying reptiles, the Jurassic lagoon 
deposits have also yielded remains of short*lBilod relatives, 
some no bigger than a sparrow. These were deatined (in contrast 
to tbs more primitive ruddered pKrosaun) to lost over into the 
Cretaceous, the third and last of the great repiik periods. Some 
forms of this age grew to great site. Ptermedom, a form found 
in the chalk rocks deposited by lbs ftss wbkh once covered 
weitem Kansas, hsd s winppi^ of twenty-seven feet in one 
specimen snd wss thus much tsrger than any bird. The beak 
was loochtess: and a curious feature was an enormota crest 
projecting from the back of the head like t weather vans. 
Pttwwhn and his kin were the last of Dying reptiles. By that 
lime birds were already far along in their developmental history 
and soon entirely super se ded their reptilian cousins as aerial 


navigators. 


DINOSAURS 


The story of the dinosaurs is one of the most Interesting of all 
the evolutionary sagas furnished by the vertebrates. Beginning 
b the Triaasie. they increased greatly m numbers and si» b 
the Juristic and Cretaceous, ruled the earth without rivals for 
nearly the whole extent of the Mesosoic, and at its dose dis¬ 
appeared for ever from the world. 

We cuitomarily thbk of the dinoeaurs as a group of gtpnlic 
ftptllea. This, however, it not quite the cate. Among the dino- 
caun were the largeat animals that ever walked, but other 
dinosaurs were no bigger than chkkees. Further, while all 
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dinosftun wen dewendanu ot the primilive rtilins reptile stock, 
there were two quite eepareie groups of ibem, each conuining 
a oumber of remarkable types. 

THE TWO piNOSAUX STOCKS. These two groups are termed 
sdentiflcsJty the Saurischia and Omithischia, meaning ‘repiile- 
Kke pelvis' and 'bird-like pelvis’. The pelvis, or hip bonea. offen 
a Ane key character for distbigubhing between ibe two dino- 
sauriari types, and we shall dwell for a moment oo the techni* 
calitiee of hip coottructsocu 

The hip booes of any land artlmal consist of three ports. Above 
the socket for the thigh booe b the ilitim, fhsed to the backbone. 


Tte iWh wl«a bMM or e ai BMun. w «)>a» Ua comm bMwwa IS* 
!«• 9 «M ecSm. Ufi. tlw unOM* psMi tt • NaiBaUk* ewnwr 
(Mdar Saimik«ia). il«W. ih* MtnndWW pWrIi W • MrMBt* Am 
(SfSV OSNnHISCMU). bi CMk MM la* wcM MSm Mm Ii 

to On* WMMMi 1 Hit Wm aMM. On tiM btloa ine W«wW 

ia« froM. <1« MIhm SWm ane laawW (M bato. to iIm SaWMfca l«*M 
kaww. (to saM to loapro—w l . vhh m imiiI w praewt tapS- 


Below the socket lie the pubb in front and the bchhim behind. 
In primitive tend dwellers thew last two form a solid plate, 
la early nillng reptika. however, the two have diverged con¬ 
siderably, the pubb slanting down in front, the bdtium running 
down behind. Tbb mokes a three-pronged pelvb. each of the 
bones running off from the hip socket at a coosidemble angle 
to the others. 

This typo of construction, not so far from that of ordinary 
reptiles, still persisted in the nurbehian, or reptilc-llke dinoeatos. 
including the Aesb-caters and ihe giant amphibious forms. In 
the other ordw. (he Omithbehia. or blrd-like dinosaurs OndudtBg 
among eihen the duck-billed dinosaurs and (he armoured and 
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boTMd types), there hu been e Amber complication. The pubts 
has swung bock parallel to the ischium, just as in the Unis. 
But, as an aid to the siipport of the belly, a new bony process 
has grown forward from the base of the pubts. giving a charac¬ 
teristic four-pronged type of pehris. This structure is. as we have 
said, similar to that found in birds; but it cannot be too suongly 
emphasized that the birds are not descended from these dino¬ 
saurs: the two groups are cssenilaUy 'coutine'. descended 
separately from a common ancestor at the base of the ruling 
reptile stock. 

rooTraiNTS. Both dinosaur groupe were already in existence 
before the end of the Triaisic, and numerous footprinu have 
been found of dinosaurs of this age in the rocks representing 
old mud flats of the Connecticut Valley region. These bring out 
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u inttreBlin* fcBture of dioo«ur OMitoiiny. In many dinotauit 
with a bipedal salt the mun reliance was placed on the three 
centre toes; the ooicf one wa* lort, and the inner one often 
> turned back as a rear prop. In this arrangement we have an exact 
-g fiui even to the number of joinu and comparative length 
of toes.’ to the structure of the bird foot. ■These fooiprinu were 
diaeoveted over a oenluty ago. At that time dinosaurs were 
unheard of. and the tracks were (not unnaturally) long 
ihou^t to be those of gigantic birds! 

SUALL cARNivoaoos oiNOSAuas. We shall first consider 
the Wsioty of the Saurischla, or reptile-Uke dinosaurs. These 
were already abundant in the late Triasae. The early forms were 
comparatively small, swift. Oesh-aating bipeds, as were some of 
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the Stem aiehosaurs mentioned previously; Ut^ 

needed to turn oiw of these old forms into a primitive rej^^ 

dinosaur. Bipedal flesh-eaters continued to be the mam s|^ 

of the sauttschians throughout thdr history, and many of them 

long kept to a small size. The small form 

example, shown in our illustrailon of the Solenhofim lago^ 

was no targer than a foosier. This little type presumably preyed 



M MAH AND THB VBRTBBRATBS 

upon tmtll reptiles of the lizard >ert aod perhaps even upon 
our own relatives, the tiny early tnammah which were already 
In existence. 

An interesting end development of these comparatively small 
and lightly huUi mernben of the carnivorous group Is that 
exemplihed by the Cretaceous 'ostrich dinosaur' Stniihiomhma 
arsd lu kta. Ihese were somewhat larger in size, with rather 
ostrich-Uke proportiofts. except for the dev^opment of the uil 
aiMl front limbs. They were toothless, presumably having a 
homy, bird-like bill; the hind legs show evideiKes of fast-running 
ahUitics; the thieo-fingered hands evidently had considerable 
grasping powers. The probable habiu of this creature have been 
a sub^ of considerable debate. It was finally suggested that 
h made its way in the world by stealing the eggs of other dino¬ 
saurs. Teeth would not be needed In eating the egg oontents, 
but a beak would be useful in breakiitg tho shell. The grasping 
powers would be useAiI in cgg^sandling; and speed would be 
advantageous in avoiding enraged parents. That these thieves 
were, however, not always successlbl is shown by the fact that 
(he crushed skull of one of them was found in Mongolia at the 
site of a nesting ground of homed diaoeaws. Very likely this 
reptile had been 'caught in the act'. 

LAaoa rLBSH-CATiRS. The main line of carnivorous reptile- 
like dinosaurs tended, boaevrr, to grow to large size. By the end 
of the Jurassic som of these camivoies had become large 
enough to prey upon the gigantic amphibious dinosaun then 
abundant. Still further increases In tizo took place in the Cre¬ 
taceous. In Che later phases of that period, the final chapter in 
dinosaur history, we And huge bipe^ of the type of 7>n»ino- 
joNriv. the 'tyrant reptile’. This great Aesh-eater, the largest 
carnivore that ever walked the earth, stood some nineteen feet 
in height The hind legs were very powerfbl; the front ones, 
however, bod degenerated so that they were not even aMe to 
reach the mouth, much less be useful in walking, and had 
retained but two feeble Angers. The skull was a massive scructun 
more tlian four feet In length, armed with numerous sabte-like 
teeth that must have been highly effective biting and rending 
weaptNH. 

AMFHtatous DINOSAURS. But io the lace Triassic some of 
the reptilo4ike dinosaun. which were already lending to quite 
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tone »i». *eem from Ihoir teeth to have' been changiftg to a 
ptont diet and (In correlation with their coiuideraWe bulk and 
lessened need for speed, as plant-eaters) appear to have been 
slumping bade into a four-footed method of walking. 

From such beginnings came the great amphiWows dinosaurs, 
thesauropods, the largest four-footed creatures that ever existed. 
They w«rc prMcnt throughout the Jurassic and Cretaceous but 
seem to have ressebed the peak of their development at the end 
of the former period. Numerous remains of amphtoious dino¬ 
saurs of that age have been quarried in the western U.SA., and 
one such deposit (St Jensen. Utah) has been preserved as a 
national monument. 

AtM/iHoir>u and Dipbdocta are ansong these large creatures 
whose temalos form a major attraction of many museums. 

— 
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f}ipMocu$, at eighty-seven and a half feet, holds the length 
ncord but was rather ilimly built and was far from the heaviest. 
Twenty-five to thlity-fivc tons is a fair estimate of the weight of 
an average ftiU-sised member of the group. In all these forms 
we And a nvassivdy built body, powerful limbe with a four- 
footed pose (but the front legs usually much shorter than the 
WndX » long toil. »n<l« I®”* f*** terminating In a small head. 

The head seems absurdly out of proportion to the body. The 
eyes we« hi^ up on the sides and the noslrUs somoUmes at the 
very lop of the skull above them. This position b like that of the 
•bk>w-hole’ in whales and b one of the rca^ for believiag 
that these ^nt reptiles were amphibious in their habiis, spending 
much of iheif lives in the water; the animal could breathe and 
tee with only the top of the head exposed above the sur&oe. 

The jaws vvew short and weak, the teeth feeWc and few in 
number. It seems almost incredible that such a feeding apparatus 
could have gaihetod enough material to supply the huge body, 
althou^ the fodder may have been some soft type of water 
KSetatioo which couW be cropped with little effort. The brim 
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dead weisht of the bone of the tpinal coliunn wat a cotisiderable 
burden to itsetf; this weitht had been reduced by botlowios out 
the sMee of ibe venebrae, leaving only the eaaential framework 
of iheae bonea. 

The hind legs were very massive and apfMar to have been 
quite straight, weight'bcaringcolunuu like the limbe of elephanta. 
The i^ont legs, usually much shorter, and thus reminiscent of 
tbeee animaia* bipedal OAoeatoa, bore leas weiglit and may have 
been a bit crooked at ibe elbow. The feet seem to have been 
huge rounded pads with two or throe large daws which would 
have been of aid on a slippety bottom. 

Even with thcee Stout legs it b didlcuU to toe how theee 
dinosauii ever walked on land. The elements of physics show 
tfiai there ate natural limits set to the possible size of a foun 
footed land venebraie. The weight of an animal varies in 
proportion to the cube of a linear dlmeniloo. But the strength 
of a leg. tike any supporting eIcnKnt in engineering, b pro¬ 
portionate to its cross-sccUon. which increases only by squares. 
If a reptile doubles hb length, hb wet^i b about eight times 


at great, but hb legs are only four times as strong 
Henoe in large animab the bulk of the 1^ must 
increate out of all proportion to the rest of the body. 
An elephant does not and cannot have the slim legs 
of a gazelle: and in the case of these greet ditto* 
nurs it seems doubtful if their limbs, stout as they 
were, could have effectively supported so msny tons 
on land. It thus appean 
probable that the saoropods 
were amphibious types w^ich 
qwnt most of their lives fat 
lowbnd swamps and bgootu 
uVfs wbere. buoyed up by the 

water, problems of support 
Mw and t^moikm were greatly 

The giani of the group 
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the FteM P^fuseum, ChJcBfo. There w** only eoou^ rmeerial to 
show that the animal was a large one, with (cxoplionally) long 
front tegs. Later a skeleton of an apparently identical animal was 
discovered by Oermans in East Africa and has been mounted in 
Bertio. This fomi was short-bodied, with a stub tail, but despite 
this may have reached a live weight of fifty tons. Above the long 
front 1^ there stretched up a long neck by means of which this 
dinotonir could easily have looked over the top of a three-storey 
building. This giant of gianu was apparently capable of living In 
waters of considorabie depth. 

The amphiMous dinosaurs reached a peak at the end of ibe 
Jurassic; they played only a small part In the Cretaceous act 
of the reptilian drenw and then vanislied. 

BIBDLIKB DINOSAVRS 

The story of the reptile-llke dinosaun was paralleled by that of 
the orniihischlans, which resembled their avian cousins in hip 



A wi M fii W at a* sriaWM MraW« dkmaar. C >iia ni iM»ti. Shraa 
Inra In • t ea lb«M< pam m swSisi laami nMn ntasw 
•tontr: ter kH nm Oi uM am ■ WpnS. Cffam 

IliBwiii, nwO-aw afsa*. iiinWil u e ato. A b pIw w - O e m i n 
Ca. piaai>in> 

Structure and hence are called birdlike dinosaurs. It must, ot 
course, be kept in mind that these forms ware not bird ancestors 
and, e«ept in this feature, did not resemble birds any more 
closdy than did other ruling reptiles. (Rbadcr: 'You said that 
before.* Author: '1 know, but you bad forgotleo.’ RnAoen: 
'Nothing of the sort.' Author: 'Very well then; let's get on 
with the story.*) 

PRiMinva HBRBIVOROUS sirbos. There reptiks were rare 
in the Triassic but common in the two following periods. The 
early membere of the group are well r epresen ted by Campiosauntt, 
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a Jurassic type whidi ranped from about d^t to twenty feet in 
length in different species. The early btrdlike dinosaurs were, like 
the primitive saurischians. bipedal in fait locomotion, but the 
front legs were usually comparatively little reduced, and these 
animals (as the figure suggests in the case of Canipromna} may 
well have strolled about on oil fours wdwn not particular^ 
hurried. 

A rratior difference between these birdltke forms and the ether 
dinosaurs lies in the fact that all had abaruloned a carnivorous 
life arvd were herbivores from the beginning. In conneaion with 
ihi« Riode of life, almost all of them bad lost their front teeth 
and replaced them, it vrould seem, by a stout, birdlike, lumy 
I beak. The teeth In the back of the jaws were no longer pointed 
i but were kanike chewing teeth with rough edges. Wliat each 
tooth lacked in grinding power was often made up for by an 
Increase in numbers: in some of the duckbills tnentlooed below 
. there were somewhere between fifteen hundred and two thousand 
f teeth in the mouth at one time. 

! ouCKtiLLL In the Cretaceous, bipedal birdlike fomu were 
I abundant. The prominent group was that of the duckbilled 
dinosaurs, or tmehodono. These were Urge forms, exceedingly 
[ muncroua in the late Cretaceous of North AmerKa, and many 
I skulls and skeletons are known. The name arises from the fact 

c that there was a broad, ducktike beak. The limbs were massive, 

and probably they were far from speedy. In several cases there 
have been found 'mununies' of these duckbilb. The dinosaur 
corpse* had dried and hardened before being burled, and the 
surrounding nsould of rock has caused the formation within it 
of a narural cast of the details of the skin. These mummiee show 
that the duckbilb had wehbed feet and presttnably were am* 
phiblous in habttt, feeding in swampy pooh or about their 
margins. 

A lunous event in duckbill history was the devct^Mneoi of 
aesicd types. In sorm forms the bones about the nasal opening 
were swollen to form a sort of 'eagle beak*. In another Qrpe 
there was a thin domelike swelling over the top of the head 
shaped like a rooster's comb but made of bone. In others bade* 
ward growth continued, to form a sort of horn projociing up 
and back over the neck region. It b of interest that all these 
peculiar structures were formed on the bonce of the nasal region: 
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nature Iwd, ao to q)eek, taken the aninuirs nose and pulled it 
up over the top of its head. We have httle idea whai ftmctloD 
(if any) these curiou crests and boms performed. Possibly they 
held a reserve store of air for use in underwater feodins. 

TWO ARMOuaBD TYris. Sboe all the birdliks dinosaun j 
were herbivorous in habits, speedy locomotioft was of service 
only in escaping from their carnivorous cousins. We find that 
scv^ groups of omithischiam had (parallel to the develop¬ 
ments in the other group) slumped beck to a four-footed motfe 
of life but with their aooetlry dearly shown by the short front 
legs. These slow-moving types invariably were armed io soiih 
way against attack by the great flesb-eaisrs. Even in the stem 
archosaurs there is frequently found a double row of small bony 
plates down the length of the back. In Srefosourut of the Jurastk 
iheee protective devices bad been put to good use. They had 
expended upward to fonn a stout double row of b^y plates 
centring the bock and two pairs of sharp spikes near the lip of the 
uiL These structures obviously were usdul in defence against 
attack from above, but the Aankt appear to have had little pro¬ 
tection. 

In the Cretaceous we find a differeni type of armouted dino¬ 
saur in Ankjrhsatina and its relatives. These forms have been 
not inaptly termed reptiliao ‘tanks*. The body was broad and 
flat and studded with a heavy series of bony nodules forming ■ 
protective layer not dissiinilBr to the upper shell of a gissi 
turtle. These dinossun could not pull their heads and limbs 
into the shell as couM the turtles, but these paru were also 
protected, for there were plates of bone to reinforce the skull 
and large spines projected out at the sides to fend off enemies 
from the limbs. 

UORNBO otNOSAURL A final developmect in four-footed 
birdIDte types was the appearance, in the late Cretaceous, of 
the bonked dinosaurs such as THcensropr. In these forms the 
trunk appears to have been barren of any ddcosive structures; 
everything was concentrated on head developmenc From the 
back of the skull there extended out a broad frill of bone whkb | 
covered the neck reglOB (a bvourite place for attack). Then, 
loo, dtere developed on the skull stout bony horns. Two of j 
them were usually preaeat over the tyet. much like the boms of 
cattle, and a third was usually present on the nose. An ustecesting 
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i«ceni And It that of a primi¬ 
tive horned dinosaur, Proto- 
tcraiops, in Mongolia. This 
small animal beliet its name, 
for there Mere almost no tmcee 
of home; (he noch friP, how¬ 
ever. was already well 
developed. 

eXTINCTtON OP DINO- 

SAUBS. Thoae homed forms 
were very abundant in lace 
Cretaceous tones, as were 
most of the migor groups of 
dinosaurs. But at the end 
of the Cretaceous all of them disappeared compteccly; the reign 
of the ruling rqstilos was over; the Age of Reptiles was at an end. 

What cauaed the eaiinction of the dinosaurs is a quenion to 
which no aingle or certain answer can be given. It is obvious 
(hat (he carnivores would necessarily have died out with the 
extinction of the herbivorous types upon which they preyed. 
For these latter, changes in vegetaiion, the gradual disappearance 
of the plonu upon which (hey fed, end the repiacement of these 
planu by others which were not suitable for dinosaur food may 
have been important factor* leading toward extinction. Many 
dinosaurs, as we have seen, were lowtand swamp and lagoon 
foims; and at the ertd of the Cretaceous land areas were rising, 
with a consequent reduction In sudi types of country. In addition, 
there b dbiinct evidence of a chiltiiv of dimaie In North 
America at thb general time. All these factor* can. more or leu 
directly, be traced back to one major geologic event of the lima 
- tbe rbe of mountain ^iems, particularly the Rockks. Thb 
event, by raising land levels, h^ consideraUe influence on 
cUmaies and pbysiograpliy and s e c o n darily on pbnt and animal 
Pfe. Perhaps the Rocky Mountains killed the diaosawtl 
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The Origin of Birds 


Thb fainkt ar«a group of iaieresung and oflen delighiAil creatum 
which are regarded as forming a scpante dasa of vertebntes aod 
seem to us as untike reputes as any son of animal could ba. But, 
apart from ihdr powers of flight and features connected with it, 
they are suuctur^ limilar to reptiles. Indeed, it is because they 
are ao close to the ruling reptiles from which they are descended 
that we irtay best consider them here. 

THa STRUCTURE OP ilROS. Birds have been called by an 
old writer ’glorified reptiles’. Pdaihen are, in reality, almoti 
their only distinctive feature, for almost every other chara^ 
can be matched hi some archosaur type. Large quills form the 
expamc of the wing, taking rise from the ba^ of the forearm 
and from the tliree fused fingers in which the wing terminates. 
The fleshy pan of the tail is reduced to a short stub; from it there 
arises a spreading fan of feathers, which is an cflcctive steering 
organ. The rest of the body is covered with a thick, overlapping 
act of smaller, softer feathers which forms a very effective iiw 
tulation for the retention of the bird’s bodily heat. 

Unlike reptiles, birds are wRrin>blooded. tliat is, they have a 
high aiKl coRstani body temperature (in some cases several 
degrees above that found in man). Tlui requires a large supply 
of oxygen, good Kings, and an efficient blood circulation. We 
have previously remarked upon the incomplete separation of 
fiesb and ‘used* blood streams in lower lanid forms. 'The birds 
have evolved as efficient a circulation as our own. with a fow> 
chambered heart and but one main vessel (or aortic arch) carrying 
all the pure blood to (he body. But this evolution In birds has 
taken place independently of that in mammals, fM- while the 
main vessel in man arches over to the left of the body, the birds 
have pul their emphasis upon a similar vessel on the right side^ 

The nesting habh. ooniresting with the usual lack of care of 
reptilian cgp, seems also to have been developed in connexion 
with flighL The eggs must be kept warm for the maintenance of 
body temperature in the emb^o. Further, (he necessity of 
training for the complicated businee of Ai^t seems to have 



lAlMVklAL (<**»•)• 

«M only ottt 0* • '•» 

•diMlt •»• fownil ■ 

OMii 4 wt 4 l». At WM*, 
f»*f. iheN m imeormid MM 
ft «bk» Ur»« nufftbm of ft* 
DftU diftd ftitd wwft bwrlftd ft*- 
IKlMr. Thl* *«uf« r ft ptftfto M ft ft 
be 6'«r in iiift. tOAUfaitftI 
ih* ikulb Mid o*h» 

12 IvftC Hfttliftftdftd, Trifti^,W 

l>hlM»n$ ai found In thftJWd W 
almr which inctudftd ort^M^ 


Uv«r which inctudftd orli^Mlbr 
nrMpft lOO ania^iftlft- (Sp***™** 
n MufteuBi of Cftoipftffttjuft ZOft' 


IN TMi rifL«». A iroupof pftiw 


HU 1-^ iWUMj 


(h« Emm dftpoait* of *ft*iftrn 

Ouh. Ffoiii iM» "itroli 

of MMiii doftritu 
w4ftf«u»d •••<' torn# three 
rf^w«(n*o«ily bnrtftft)fonno d In » rft ifttivftly 
(bon ftftood tl the ftnd of ihft Eocftoe. 









UtuRatniNQ A roBK. Thoc 
art Acurn of OtaMrtrfM. • long 
tpl—«l rtpiile froM rtw TrtM 
taANtda- ■ rtmarfcibk 

tpadntn P( iht be(>r 
ai found tn itM fteki <■ 
MKitnn at iIm Univcniiy of 
CMcmo) ai lit* rlthi, K»b 
Wilier, of Harvard, b tboam 
'bandagMif' wch a y ad mao 
in iha Md loUh burlap and 
pkaiar for lafor uaniporutfOn 
10 Iha laboratory. frla>, iha 
Mina apadmen. moomad by 
Caoroa Nalaon On iha naal 
papa la a acane abowing char- 
aciarhUc anfoult fourxl la thcaa 
bada; OMoMruAw ptaya a prona- 
totM rok. 







Muwion of NuunI Hatoryi Oiici^.l 




AN twtMV 0* TMt ANOBXr vuTiMUTli. In ib« Mnaoi 
pMM of ttw Slloritn ihnn an ofian foond. lOMther itiik 
nmnioa of tha cWait flata. tke tfeelewiM of EtKypurida. 
ancitnt waMc-dwtUint a n ciw t da roiaied to tba icorpioei 
and the honnhoe cnbe. Tb«M wen pndaceotai and 
much Urter than the oMwanaofaty vartabcaiat. 
f«rM. ibown hen, nnehad a rntfih of 6) faeu whtnu 
mow of (ha ftihat of (hoM dan but a few inchaa fat 
Itairih. (From Oarta and Ruadaraaaa.) 
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New York: Um tram plioi»- 
artph oopjinfkl by OoMrol ftto* 
(Ogicol Supply Houm, CIMOgO.) 




AMPfuOXUi. ■ ctiotOoM rdolivo of tho verMbroiu. It • imoli inatlMoiM mariiw 
tnimol. At Um (op it tn etieriMl view. Bttow tliH It • phoiOfrapfe of t modoi lo 
ih«w the loiemtl iMiony. la (hM ihe tMiiul b reproantod at if cui ItntthwiM 
ctoM 10 (be mdilac, the 'liatd' end tt (he left. The proeiunent wklie band luntitni 
the leaaih of the body it the noioctiord. Above it (la bitek) « Ihe nerve coro, 
iliAdy exptnaod tnieriorty in the potblon of (ht vertebrtM brain. The tirM 
Uyer tbove the nerve cord iodkaint a ttetioo liken tbro«(h the muKlet: iht whae 

the nModVMd (he diptujve lobe oocuplei moch of the body, fron the mouth 
ai the kA (0 the tnut boneaih the uil fln. Heerly half the leaeth of the aut ii 
ocevpM by (he bII r^on (plMryaxh with a htehiy developed laiuee-wert of ftni. 
TWe it no diuinct Motitech: Ihe Mod halfof the tut iiaiimpla, Mraithi Mietline. 
from thn a p^M branciva olT la froniai the liver: ihb eetendt forward,moetiy 
ODOcetled la the model by the till 
ban. 

Xithr, a phowmph of a yount 
/latpeiMvt in wnkh moM of the 
Mme tiructurs are reeJtly leea. 

The fill laitiofworfc. however, b 
not at hifhly developed, and the 
anterior citcfuion of (he Mver 
ie(i>n>orefeedt)yvlHble.(Pho<o- 
nbovt courictr American 
















TM tAMPMV ATTACK 

A nwtf«l XKitir*; 
iift( the mod* of w* of 
(IM lunpNiy- The ro«M 
iDMih (ortar it appHed 
10 ibt tktn of the prey, 
and (he AmK i* ruped 
off hy the proinr^ 
•oothad 

tavAth (IhiMratad tbowt 
•can dua to fornter 
lacks from lamprayt. 
CPtMtofraph eoanaw 
Aatcrtcan Muatvm of 
Neutral Huiary. New 
YOfk -1 


A rtRMAtaA. or raiftih 
(Nfkr, Wiew). A rapreaem 
u«T* of e deapnm poop 
af (ithet with eanilaon- 
owi tkeUtont They era 
diuamfy relatad to IM 
•hart*, from which they 
differ la a namher of rw 


SiS.‘2Jrt"*Trta‘l^of ikia eovenn* ih* plh 

wikAfk hrfriTl iftll iht wHaMC for fAOlMfC«flltlA| 

New Yaih-» 









VAtiout tiwaici. Akorr, Iht 

toratWCftHftihnlitititiO-^ay. 

with • or abowi JO r«M la iht larMi 

known tpati m a w . Tktia form ti rara bui 
wlOMinad Ml Uia warmer waien or the 
worM. Daapilc Ms siM, kowevet. diia iMii 
is a harmtesa Tom. wilh very ■<**"• '|!« 
iMkaa ill tivlna on mlnuie forms of aaa liCa. 
Soane fouil sKarks appear lo have baaa 
tarnce. aMhoiaib only ineoMipjaiaiy know*. 
tef»7 ika rtsMxad laws of a Teri«ry ahart 
<CareAwwalMk wiih a man aoated iheratn lo 
dve an tdaa of the tap*- TMs form was relat* 
ad 10 the living saM shark shown on tha IsM 


rffiWfiii 111 hvkji M>. 


ihe hanmrdHHMl shark (^yvaal, from a 
paiMMig by Cbarki R. Knighi. lathispaco- 
har craaloiaiha eyes ara ptaM in Monunent 
lateral proyccltooi from ihe head. (Photo¬ 
graphs couriesy American Museum of hat- 
uralHiiaory.New Vork.) 







UCATU AMP Mvt. A nibar Hontiful 
tM bnncti of llM Utarli I'ovp are ibe 
UilM aod rajft. d«(HtM 0 d-b 0 «IM fornw 
wMh ««Mb AaiccMd into cnwliiaf 
etau* ftx on MolUitci and oibar 

Ittvorubraua Ttma bc(lon»^waU«i 
have loit the in>^l of (hdr 

fharfc ralatim- Tha laU hu bacon* a 
»Mo>lik* Hructura. ohU* lha paaeral 
ftna (uiiraaeaadim «o lb* anna or land 
vartabnM*> arc vaatly antartad. at 
may be aeon from in* fl^fc or the ikala- 
io«u aad mn mtar in rrool of the no**- 
SwinniM ia aceampUibad by undo)** 
Uooa of lb*** Hna. Th* fonn Agarad la 
lb* piMUy abate (A*]W wnAraM), eon* 
opa o* th* non bam part of dw Allaaiic 
ceaai. Tbp ikfi tbowt ih* donai tonao*. 
Tb* tarn Opaniai back of th* ayoa n the 
iMrKl*. a t pa dUi a d Am riii 
Sraatb wMeh waiar i* Ukan tn. On tha 
wWta oBdar twfbce can b* *m lha imp 
irfla, noMh, and gill tbu. Tha akai* on 
lb* Ml ia * icmak; (hat tbooo from tb* 
aadmiida la a triib lo*| elatpert 
00 lha ptdvk AiwfonawmaJ fartibasUoa 

NooYort.) 
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CANMO u,»«n*H. Th« Africu aikd SmUi AnMrtcan bnsibk tova iltt aW ty to 
butYOw iiiio tba bottom and pau iha taaioo or drought in a mud cocoon . It Mt 
boon fouAd that tba ATrkao form (froiofttrmt). illuairaicd hcra, ttn be pecwad^ 
M form JU cocoon In a tin can aod thus be readily traanronod. Wto dnirtd, the 
an may be opooed and iIm Aah tamoyad i on piaeug it ki the water k too* rMamae 
It* norr^ aeiivloae. Th» poMAtUlti)’ of pataut* a bot or dry waeon lu acoodHwi 
of reduced body a^vMy is larmod aceuvation and corcatpondi to (he MberaaiMo 
of retny amm^e in coM citmates. Abore are ihown tugee In the opeainrw m a 
canoed lungltah. On iba neat pane i* tbown a epacixnan m an aauariuen i^ly after 
ranwval. (^ographi copyniht Gaikera) 8«o«o|Kal Supply Kooae. Cheeapa.) 
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HIM UtATIVII 09 LAW ANIMAL*. Aborf 

ItM Afrietn (fWo^Mnu), Al> 

though th« living IlMIgflth ■» qiMW 
ipediUMil in • number of regArdv they 
iMiin iTuay feewte* le be tapeciod !• 
enceeiofi m Und type*. OoMr, how¬ 
ever. to (hi* •neewry ere the tobe-Aoned 
iihei (Order ceowienevoiiK two <*• 
empla et wWch are iUusIraied. TiMt 
group it neerty tnitnct. U/i. • reMora- 
uofl of CwrhrMprrvM, • (oeeil Devoiv- 
ian (orm (requanily found in American 
depowct. In Itai* eppMr lo have been 
tioui enough lo nippori It. a* ihewn 
here, on a eirtam bank. Mtivm, Lui- 
mtnm, iheofliy wrviving lobcdn. known 
from * unak* ipaamen. a Rve-fooi Moe- 
cotoured luh recently cnuyhi off the 
South African coaii. Thit d «e p- e ei 
reliet type n obviouily a higl^ 

iaed lid* line of the lobefla nock. (frontMrmt. courteiy New York Zoological 
Socieiy; Emubrm^trta. from a painting by F.L.Jaqim under ih* diractm of 
W K Crcfory; Ammcaa Muicvn N^iuril Htitory. N<w York; 

L 0 ttmtn 0 . rroA ft pi^oung^ bf itft detcriter* i. 1- B. Smilh. ^ 






ruvft pRwmvt RAvriNHiD riWM. Mmi livtof nyllM at« Mttoni - ih« hitiMi Mb- 
dlvteoa of (Ik Krtci- Of lb* f«w wrvivon of mot* primilv* ictlnopuryjisiK. t 
maiorMy. iboM UliMiratod 0 (i (M« poee. are fownd in tha Unitad State*- Top. iha 
pAlaMh, 0( ‘ifoonMI cal’ tWjaid ni ). of tb* Miutaiippi. a lorm ahKh may 
teach 200 poundi in wcifhL It i* dc«iB*raia in many ^yt and ha* beodme a 
botlom-dnalllnt nwd^rumr with a Kwif. teoon-ilwpad anout b«ii Uil raiaifli a 
thartlik* Ui>. h'«U Mom. tba MUftMh (Aripnuft) ako rather deteneraM: no** 
the peculiar *fa*len' in advance of the mouth. Utile cheriahad eacept for caviar, 
ihe atarmom are found in varioua refloA* of the northern coniincau. incMiA( the 
Miuntippi VaBey and Great Lake*. Third, (ha bowfln, or ‘freah-waier dofflth' 
l,e«aw>, a form noi far below ihe letaoei leveL llu a common lake Mi of ihc Middle 
Weil end Souih. (ConrMiinf on era’/payr) 


II 



MnMWpm **iwr laMMUAU OOUM a»«MOf Ik* 
■ ftttM which IMV« fcuined ih« iMk tM««d Kata of Mriy i*kt*. Tha roan 
Ih* mni alUoior gar oT Ih* wuthan* auia*. LtfUoutus. photo. 

OurwiT AiBOnean Motaum oT Naiunl Hiatoor. Amm. cowruay 


nti uusr MBtirrvi bav-amu rat. 
A roiioraitai oT Chttrohru of th« 
Mi 4 dX Drrontai. ih* oUou and toon 
pftnyuv* ntMobor of th« BCtinofUfy- 
aia/ia (From a palfiiinc hy F. L. iaoM*. 
under UM diroeiioa Of W. K. Orogory-i 


AN AVSTAALIAN tBA HOM 

Tha (roiotOM HtU* hth dinen 
Mil tna ordinary laa hone in pocuhar 
ouigtowUit tMttWtIni toawaad (Photo- 
gra^ oonrwy Amortcao MuBditn of 
Nalural Niuory.) 




COiOVm OUNOI W niMU. Uft. lw« 
ctUteli kni tw • day in dMi« «rilk 



















lAavAL Tuaom. Th* )««wic of the boey Aths m often qaite diffteeiu from th* 
■awli- tW>. tenr«] mH. ttnMd U fU cr pM t$. TtwM (ft ilun, irtntluctoL 4nd Inf 
flMp«d. TM tervt of ib* Evop«M ««( iiteint • Mnqcti of ) kkAm b«fo«c a narked 
^lOAM lakm pla«t. irantformiac tho 'teaT Into a unaltor, cylindncal b*by otL 
Kiglu, Uny fleuadm. la eoauaw lo (h« paMako>thapod aduli, th« young hav* a 
liwiiteT body. Tba tMc Min ii tbi fuluro upfior iMf; note that both eye* (mm u 
black deu) ate alteOdy on Ibla turfaco. the lift lyo having nigraM arovnd the 
•pfwr edge of the head. (Photogtebbt coanciy H. C- Bigelow.) 

WKUiuAL Ttuceri. Many of the note oonaal modem bony ftthe* may be obMrvcd 
on the dinow ubia. Below lod over page an flgurtd tone of the non abnomal 
lypM; 




oeip'ou nwas. In ibe light' 
lew dopilM of ihe ocean are 
Bumbert of itetoitt whteh 
have become adapted to iIm 
unuiual oendiliew then. In 
ibii iceoe Ifraea a muatum 
esbibiii a canwvote wtik an 
eeiomoui mooib (OteaH*' 
dal) U MM purMing a Aoch 
of ■btg-boade' (AfefaewMn. 
(Pbotofteph courteay Ameri* 
can MuMttm of Natural Hta* 
lory. New York.) 



TNI tona-mo iim (AmtUptt. A tmall Halt of the AmerKan tropin which awimt 
at the turfaec. Each eye la divided into two parts euemaJly, th« upper part adapted 
for viiiofl in air, ibe lower for water visioa. 
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MUcn«h-loaAl«( fMUn which M uwd m JIm***! or(an>. (fhoiot'ap^ 
<ourtei> Now York ZootosksI SodetyJ 


rM wofcipart which Um alone ihf coaMi of iho Old World 

UOpKt. Unliho ordiiury icIOMit. the ftth hot mincvur Ant by meani of which it h 
•Me Id ka\c the water and crawl o«Of the mud'IUlt and Iho root* and lower 
branehet of mantrovot near the water. 
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nu tLicT«ic III. ThU toll {Cjuimiuf) 
Ilka in ilMM b«l artunlly • miwlva of ( 


tnoufh for • (lai. 




nn ABCMM mu (roxom^ of tke E«m lodiaa torivaa H* aoiM from ibo fact ttel il 
CM ooewrauly shoot dropa of Mict lo capture Iwaca or tpMm nur the surTaoe. 
(AH pbotofrspto coorteay New York Zoolotfeal Society.) 
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WALKIMO lALAWANUa - tnCWiaftlM 
Hfiut phoiotrapM 

rr»n *bov«. Mu«*> of IM prat>«woA 
»f iht body b MComplWMd, •» In lb* 
■oo«Mr«l mh. by tbrowlni Ik* boby 
into Hnuom cum*. (Pboie^npb by 
ShoniMn C Bi*hop.) 


pUilTIV* rO*M>MOnO AKIMALL KCKOra- 


3«yi. Th^ Hftoeoi fomt •pen* nodi oi 
iM In •>»* w»»»f but nmrth^ po»- 
»*d ilM abtlMy lo walk o« Uad. (PalMini 
STrLTaquM uiMlar tiM diftcthxi of W. kC 
OrMory; pheiotrapb courMsy AmaricM 
MMwm oTM*ninl H luory.) 



>:;vv'vsv<v. - ? 
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tuutoM oy A yo«i. am^hiwan, £ry«p«. one of tb* ton 
MieblbOM, *•«> fioffi above. fbM A|ure lUuitraM* wd 
liiaM in eaity land type* and tbU i*U>^ to '■M.Hto'ne' 
|r*ph courwy Amancen MuMuai of Natural HiMory-l 


IN, &yop«. one of to* torent of pmuiiw* Paloowic 
TIm Acure lUuitraM* wall tb* »pnwled pco* of to* 
iiU ituined to ibe lalanunder *nom above. (HioiiN 
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TW AXOtoTL, M MtptiKi&K Pewr 
Pan. Lifi, th« conmon AmeriMn 
«nnM MM bluk eJfer taUnkandcr 
(<4 aw/(Wiw In the fltnn 

below ilf/n tiMiMnoo In the water 
B Ibe axolotl; a lalaxnaAder from 
Maeico and lb* Roebiaa, wptwwrt 
hr of quite a dilTarent ton a pa(> 
manent wtler dwetlar brOMbint 1^ 
meana of fila It it now known ibtl 
Ibe axoloU b meroK a variety gf 
lien wlamander wtakh lendt (o re> 
main (hrou^ioul life in a larval 
condition. However, tmrioua tiimvii 
(incbidioi the feedtni of ihytoidi 
(nay cauie then to chante iMo ibe 
true adult form. M. rtyriaam, copy- 
nahi Oeoceal Wolomeal tappiy 
Houw, Ctueafo: axoloU. ooari^ 
New Vorb Zoolocteai Sooety.i 



TMI Buo mrty {Nrriwnm faiove) a large tala. 
mandee. wdl over a foot in kn|Lli when idulc, 
found m manv Mnt of tbt MmlMipol ViUey. 
Like Ibe axofotrihainud puppy i» a pennaneru 
larva, for It neve* laatet the wawr and nUim 
alia, la tbit cate, bowever. no Wfanulut can 
nube ibe animat ebange Into iba tuppotod 
adali oondiwn. ii hat. to 10 tpetk. forgMian 
bow 10 grow up. (Pboiograpb couriaay New 
York ZoMogical Society.! 





A TAVt lALAMANPta. >• tevcnii in> 
tiaaom lalamanden have beconM 
odapiad u underpound life. Tbe 
tpacimen tbown directly eboie i» e 
cavcialamandarll^pdlorriMwi.phO' 
tvgrepbed la an Oxark cave. It it 
Mind end neertv coiourlett. tPhoto- 
greph by 0.1C Noble, covrteiy Am¬ 
erican Mutoiun of Natural Hucory. 
New York.) 


INI ’rosoo ML*, whiA It not an eel or a nairve of tba Congo, but a lalama^r 
tdimUnMB) inbabtilag twampi and tlMgpth urearw of the lotitharn ttaiea Jt ^ 
however, no wonder ibei It it termed an eel, for It it a degenerate water dweller« 
which the limbt are reduced to tiny vewigeA. iPhoiograpb courteay Amencin 
Mutewm of Naiurel Hittory, Ne« York.) 
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of • fiofiwnon frog (Am* 
r^bmMMO f»««i » ‘•dpota U ll» 

iMMt 1 ^ w a Autura rr»| tc ifc« opptr 
((At. Da wl o^wtM ^ Wi»J 1 ^, MDMr- 
aM«o/(ro«l UW. and f«*»nton of Wi* 00- 
eo( in Ofdof.«Pfeoimph «»wr^» penand 
fepptjr Howw. CiM(M 40 .) 

TM »nu .««3 r«m »«/•* W^. ••no* ff/M 
m tcMA (^*>1 Soun4 oroductton it aioM 
br IM anormow inlUiM v«cAl mc. (nwi^ 
mn* O' l-'rMk Ov*rwn,«eurtMy AoMri- 
W MutouAi Natural Hiwory. New Yoai.) 


?aoo wiM iMfo. * Mcnoo. 
highly iiMgMSed- Above, 
the ihlA o«wr tkia (epMcf 
mie}; below, (he tfiklier 
bcrtnii. le «M ieiicr ere 
numerog* gtobuler glandi. 
The tmaAer ere inucoue 
^■Adt; the le/fir tecrew a 
mildly pobOAOui material. 
(Phoiotnicrogreoh oooy 
n^ii OoAeral Biological 
Supoty Houee, Cheeato.) 
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rw ouwn too. The eh^ liA. u praved 
by iBleroeMeic M«4y. i* ■ iOmA ted by 
r*r the wrorU't el<S^ lance It cones from 
Tows dcpoiiO of Uh fsh ot e fa s«s. perhsps 
225,000.000 )«en oe M oW. A number of 
priraitire reptOes more then pmeni; whsch one 
Istd the eu »« do not Iumw. (Spednsta « 
Hemrd Univerdty.) 


*N eitoutc UPTIU (W/fV 5«/nweria. neined 
from the Tesu town near whicb iu remsint 
were dlicoveced, i* a fottll form to prindiivt in 
Miuro that it reuiet numerous •mphlblan 
faaiune. The ttrmtl. Mil end ell. was Mst then 
e yenj in length. (PsinUng by F.L.Jt4ices. 
under the dlreoJon of W.tC.Crofory; phoM- 

B raph courtesy AmerSean Museum of Naiural 
isiery. NewVork-l 


sN aMniCAM cnocootbf The 
faiBilHr Americen crooodifita Is the 
broed-eMutad alligator of the touih- 
em Unlied Suiea. Htwer ita 
croeoddet. white mainly Old WorW 
forme, ere alee represeaied ui trope 
cal Anarko, and one spectre n pro* 
m notide. While the Old World 

crocodtlet eredraodod. the Amorken 

ipeon aio meuily Osb-OMcrs end do 

DM eppeer to beportkutarly danger¬ 
ous to man. (Pboiofraph courtesy 
New York Zoologkel Sodeiy.) 







A n.-»*rac iriMi M • cor»l M«nd (a Ocnnany. JuniMc d«poilU U «t«enl potncs 
K C«r«0*> partkuUrly MHitharn C^rnuny. contMt «r 1 0n«-|ralr)*4 hmcMone uud 
(at liihocn^r' Thi* •'wwrul appear* to Km bcee dapowied m IK* qate thallow 
eawrt oT laeoPAi m coral iaiattdt in ih* warm leat ihai then cevciwt nudt or 
Tkf are to Ane that rcmoimornunyinialland dahcaieoaaier** 

an ataae n ed. Several of iKe fiwe Inieratuni vertebraui arc ihown here amid a 
rcaoac of cMOtta and otKor Maiotoie eltnia of iropieal appearance, la the air arc 
•mad Ihini rcpiilaa of (he pertttt JUnatpAardyurAat, with a tout. kccM tail. 
Fluiaanna about or parched on a eyeao arc iKo moti primitive btrdt. of the 
><rc*ocowrr/< lyfO, known only from theta dceoaiia. The two tmall anMnali at 
the hfl arc dlnoaBart of the ptnu* CctHfte$mt)ua, no larpar than a rooMcr but 
aevcnh^cM rtlaiad to the Urfo Ileah-oalini dtnoaaiirt. (From a mural by Charka 
R Kni^t; photovwph eeurieiy Field MuMem of Natural HMory. Chieepo.) 


prwut a rmrMii’xTt. In tba CeonaetKat Valley an anat dcpotitt Of undaionc 
a Tmnic ape. ooce quarried for at dewalk ilabt. CK. In variotn p la c ai Ihcte have 
tevattod aumoroua footpnntt of dinoiaurt. A major coMeetion it that at Amhent 
Cellepa lindiadtnp the tpeeimen Rpured). Tbe focipriMt shown arc three-toed. 
Th^ are, of course, eomperable to ihotc of binti and were tonp tuppetad to have 
bcM made by plpanuc birds. 
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TM OIT»iO« WXMAUH iSnmilUtmlimuy *11 • oipwiu imn-Micr 

nttl4d to Uw •»•»« oiftiivot** but of nUlivtly tnull “If, 

oflli otcrtcb. oIme#i-llkB. too. •"<** the proportiom of hlod l^tt fnd neck iM the 

SL!|l hSd twih ■ tOOtWeu btll. Hoe««w. » cher^efhl* dlooeeut till wu 

pr^iTk^ the ihreMtnpwed ’hend’ »«•* develoiwKt. 

»r«^ Mraly knowiv. hut It mey well h»v« en m-»ieeUr. jRwUK^o by 
£rwln Chritinen; pboioirtph courmy AmoricM Mueeum of NiUiral Httiory. 
Ne* Vort.t 


fyrMuoMoriu. The tkull of tbit trMi flMh-eMorofthe CreteoMus 
4 4 feet le lenab end wet etmwJ wtib e powerful betiery « therp, 
d recurved teeth. (Photofrephcotwteey Ainericeo Muii*e«i of N*Uir»l 
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One «f ttw moM fanilMr mambm of lh« di«tOMUf ftMi) it ihlc Uu 
iuriMic rorm, ■ rour>roowtf harbtvora armad wiili a double row of plaie* and 
Mieiaa dowm tna back. (Fioai a anirtl by Oiarki K. Knlthi; pboioiraph courMay 
Field MuMwfli of Natural Hlilory, ChacafO.) 


A rauno dinowum. In stany of the Crotaoaoai dacaOMM oinotaure pocuttar out- 

K wtiw eccurted on Ibo toporibatkuH.fonnod by the bonce normally aurroundiat 
aoeuile arid contaiaino air tubae whidi may have been of uae In the partiady 
aovattc Ida of thcee dinoMura. CeryrAeaaanKi. wbOM ikull is flfurad bare, ts ibom 
in a landscape two plawa toward the frooi. (Photofraph couneiy Americaa 
Museum ot Natural History, New York.1 




A ntlMITIVI HMNtV OtJDOSAUR frOOl Ih* ClKAOMM Of MOBIOIW 

TMi »mAll reptit* (ike UrtCM epeelmee only lOMt ( feet to«c) wu aa anceeiiOf «f 
ihe ifcei l»med dinoeuin, bvi one in wuc± the hero* were enU en4e*etoped. 

i Froffl e mureJ In Chertei K. Knaihi: photO|reph couruey FMd Miaeum of 
I'uurel HlMory, OUeato.) 


DfH04AU« eoaa. Oowly 
iModaied w^ih the re> 
melti* of the email homed 
dlneeaui ekowrn above wcfe 
fwmeroue CMt (o«nd W 
‘eceu’ of a ooacn or eo. 
iniowtfaph couneer Am< 
cnean Mvteom of Natural 
KMory. New York.) 


a MAu. rtTiNO umu (Fi'rfwdbc/yt k r) from Ihe 
Jureattc hthotreohie Mooa of Gevmaay. Ihei 

ihit is a ihort-tailad form the tkeietsJ ekmcnii can be 
readily compared with those shown io test flaite to the 
tebeecuon oa 'Flyinc Reptiles', la Chapter 6. 





TMi OIO0T VHint. Of Jsruste blnlt ibe 
Mix known r««noin» oto the two tkole- 
ioti» tbown on thi* p>f* and an bolMod 
roaiber. All wars found In Ute Uilio- 
irapitic lintMion* of louihcrn Carnwinx 
hall 10 ihfca-qut/ltn of a otaiuty ano, 
tad Ml anoiMr acrap haa been 
co««rtd tinea. Ltfi. the iperitnen in tha 
Bertie nuMCum (named a 

naarix COmpleM akeltioe. ahowlnn al 
four iimba and tail and with tha baad 
iwiMod back to tha kfl; iha fcaihart ara 
wall ditpiaxed. Bmami ttfhi, the oihar 
tkcMoA. In Iha Biutth Mutaum; iha 
individual (kMwn aa ^/rhaaopffrxx) ti 
lau compkaa. Bottom itfi, a mioreUoa 
orap^rofihatabitda;ihaoolo<irichama 
b, of couraa. imaiinao'- Another ra^ 
(oration wat Uiown in aa aariiar pkia. 
Tha bird in life wa* aboai tha ure of i 
crow. (Reatoratlon from Hcdmann, 
^■flrarr if/rnmnlav) 





* cuTAcaovt MviNO Mitfi. ItatatMtr f«<> binta 
ar« kne«D rretn iIm CrMaccoua, but tucb tralMM 
u w« have show* that were alreedy diveral* 
fled arxl lyetaaliied at that litnc. alihMgh siiit 
reuiAuit teeth. Lfft. a mtonuon of Htiftntmlt. 
a h(hclcM diver known fcon the eheJk fodt o« 
Kaaiai. tt bad sofMwhai ibe proporttona of a 
modem loon and probably had Miular haNu. 
(From Hcilmann, rkr Orltin </ dlrdi, copyrlslM 
O. ApfilatoB*Century Co., eted by pcrmiuMn.) 


TMt KtMO nnOviN. The Southern Hondtphtrc coaiatnt a freet variety ed Iheae 
AiBlMleaa. wronf'Wiaped awinvnera. Mauiiy Aniareiie. they ate, however, fotand ai 
far ttonh at Ibe Ctpe of Good Hope, aad there ii even a colo» oa the Otitpatoe. 
The kini peofutn » a Urte form inhahulrit the Felklaoda, Kcrfetlen. and other 
lowlhem latendt. (Fhotoirapbeoerteey New York Zooloiteel Society, i 


tM wnntp't ontaMaT mavioatou - iHi PLovtaa. 
The liny poWen plovora migrate anmeally from the 
Arctic w the Soiiihcrti Hcmiiphare. The Toyacei 
of the plover whteb nctu le Canada are dhewtaad 
m the teal. The Alaihan form (r*ttn makei non- 
Mop flight! to ItM Hawaiian lilands and rctem in 
the couree of iu migretlon to and from the South 
Seta. (Fhoiograph couraaay New York Zoological 
Socieiy.} 
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ixriN^MAwr MtM. Ib pm Kmc* then eiuied muy (W|hil«u birtf*,«o(M«ri>)Mn 
ntudi laricr llMti binl* now livlD(. Atnrr, *»m* of Hm mo*« of New ZcoJood whkti 
inernMnitb* li«io| uiiim mi feocrit build biM lo lome iMUnce* roochod • bdfhi 
of lOi fcti Atihoufh MW exunck. Ibcy CKtMcd rtierc to reccnily that 'fmh* bone* 
*nd e\«n fMlhert hc»« been {xcienmd. Lower l*/t, fbororAocor. • mdi type from 
Ike Miocncof PsiaaoKM. wtiich need tbeui 4 fen in hei|hi and (unlike (be Wlieii 
bed • Uroe heed ■^pin^ul boik Low rttk4, Di4inma from the early Eocene 
of Wyomiai. TTii* bird wet about T feat tall : tha contemporary hone* were but (he 
uteofa foe terrier. iMoat from a moral by Chartae ft. Kni(hi; ptwtofraplicourteay 
biiM Mvwum of Naiural Hnioty. ChiCaM, /benwhecor and Mwryaa*, oourteiy 
Amencan Muteum of Nalurel Hulory. New Yorfc.l 
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* »MOt»-UOOK> tttA«0 {Ntv*my I" VMkKI* «»f< |fOU|» ilwra bM b^n t 

^ •v^ A i.^k« *rvA liiila 61a*«j4a mMiI^ h«n» h«lnn« 


A coiMON AMtftiCAH uzAfto. cbc bOOfflCT, Of cottirM Unra 

Mrriirt. abuniilant in th* Mtmnrid reoMi of itM Soulliwm ThM H a fora of fbiciY 
MM au*. avoruina a foot w ao MVi|lb. and raUMd lo tba iarit ifiaana loanl* 
oTSm Amaocwi tropiea. (PbOWfmpb eownfhl Oamnl BwlofMmI Supply Houac. 
CbiCBao.i 


TMI WANT LizAtu Of aoMuoik The 
aotiiiof lUsrda of )ht Old WorM 
iro^ (aeaiis f'oMiail are pana'all]' 
fofow or larpe luc ^ larpcal of all it 
the tpoeaa fowod on iht little itiaod 
oTKoaodo ui Indooetia. Earjy re- 
potu of Uiete 'drapofH' aece ihai 
they were M feet or to in lanAih. 
However, like mou atoouert, inay 
thratik apoAinveatiaiion. The larf* 
eat la hut 10 fact inl«n(lh. Evan to. 
they aa very la/pa repuka. A it 
accMUble bait. (Mvoioprai* eoiir; 
iny AmeticaA Mittcua of Natural 
History. New York j 





TM m»wo 'TOAO'. Tliit IMtie Mi* 
mal, *e abuMdafli in th«4ner reston* 
or«o«di«wU^.A..i« KM • lo«4 bHt 
■ Hard ilihoath om 

orithcMCullarlj'brMid ■ndlUHaatd 
body. A cooskMnbk d«tr«e of pro- 
HuHo U affoffkd it by M* homy 
tpiata. W«f« it of laryar km iu odd 
■ppoiranco %»o«ld b« conwlarod u 
■ratMqve M ilut, for siainpU, of 
UN boftiod dinOMwn- (Phoiotidpb 
by ftiyaiond L. Ditnun, courts 
Now York Zooloaieal Sooeiy.) 


rMt rtvM oiuUMK. ThM 
liurd (OnMw r otoixk • 
MtM H (bt East lAdiM, 
it iMf 10 oapoMt mom* 
braon oa orlbor Kdt 9f 
lb* body whkti form • 
porMtioM device. The 
McnbnnweMMpported 
by tpeaeUiad moviblt 
lib*. (Photocr^ by 
PteynMod L. Oiimeit. 
(Ounevy N*e York Zoo- 
lofMl Witty.) 



TM CMAMtUOM. ThO IrM 
CheMtoOM ere (roMoiee ln> 
hobituu 0^ i)M Old WofU 
iropict, pnndptfy Arrica. 
They ire ipecaaliMd ia au- 
Bicrou* feuarts meh ■« iht 
preheniiale Utl. the ettfl Teei. 
wall adapMd for pratplnd 
llmba. aod the ka* longut. 
readily ptotuabk lor atidni 
inaea prey. (ntMOcraph 
ceuruty New York Zoolo|i« 
cal SocMty.) 
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LitMLUs uiAKin. In a nw»- 
ber of iJilTcitai fotndict of 
hMnit ih« iiaibi have b«M 
loM awl a makalika appeof> 
anca (tsulu- Thew ronm. 
bo*«vef. can bo readily db* 
inauiUt^ from iba true 
HiaM by iba Hniciura of 
iha ifcull and variout other 
characun Ltfi, a tpadat of 
(h« 'ilatt-anake' iOpkiuuf- 
wK a limMcn hurd found 
ia both North Awertea and 
Euraata. Suit ama apacial- 
oad it iha 'Mind «voiw' 
(/(ararr) of Earo(ie icrmtrtt. 
Thia tin/ crcaiora it, a« the 
eomoanaon in iha phoM^ 
mpli wdwaiaa. no larcer 
man an cinhnorni, and 
taihor rtacmbln ihai crea- 
lure. It it. honevar, not 

‘Miwr. to ibe e>aa. ihouch 
unaU. era «all davalopod. 
(QaiNiairur counciy Nm 
Y ort ZoolO(iea> iocieiy; 
Aural* oourtaay American 
Muteum of Naiural Hiwory. 
Now York.) 



THo oriA MDuma (HiMrrmti, the only pottonout hard. (PbotOfraph counoy 
AmoTKan Muaaem of Naiurat Hiitocy. Sew York.) 
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THI Kmo Ctiuu or wtNheHtcrm Aii«. ciani «r 
P0M(>^ wiakM. mife • maiUmMin length of l« 
M. (Pbotogriph coiifwty Now York ^ooloticat 
Matty. > 


A ouNT MAKi. TN atNcofMla of South Amorku 
k a hoa lomeittut unpiMbiout (a habiu. It bat 
been NCOrM to rcacli a tenuh of 4« IStn; ihii it 
ooubtiuU bowcvtf, inO M rea my b« a maxi> 
nuBi. (ntotompbcouftaay Now Yorit ZooloatMl 
Sotiaiy,} 



TW MAat Muu. TMt 11 
a nenpotioiiious form, the 
royal pythoa. Teeth are 
aomoreoa and directed 
keckward, every mov^ 
mem foedne the prey 
down the uireoL The 
•bote Jaw apparaittt it 
leotcly coaatrwcted. rea- 
darlM etay ditlemlon of 
the Utroai. (Phow«rae>h 
CDurtety Amerkaa Mu* 
teem or Netural Htotory, 
New York.) 
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TM nuTtK* of New Zeelead 
*i > l. aa iKhaic repiile.TUt 
wnal 104 UvnilA rapiilt retembiti 
the luartfi ia maay wayt. h«i the 
two-arched coiuirociMo or iu iluN 
thewa that it it the cmly tunhmt 
menber of a lepanu order of r»- 
tM«* (RhynctMOWhalie) which hea 
eritted onoe the i riauic period, lit 
mmvwJ apoeart to be due 10 ■co* * 
pashic Nouiion [a New Zaalaad. i 
Lryr. the tketeion of aa bIbhmi Idtw- 
foMil form from ih* Juntue 
(W n aerwaeMf w th fS^hrwnilM cour- 
taay AmmAn Mutuem of Naivral 
Hittory. New York, Weiwreiearui 
fromaipeettnen tn MarvanI Univti- 


luaiNB Tvarua. The ereen (toopl and hawktbilt (tortoiao-thiil) tpeciet. fPhotO- 
iraphi couneer New York Zoeto tk al SocMy.) 
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i«m*>KiKUiv A put of t*tnot** MMlitit« twi UAnnsv tvktl* (Otrm^tftyu. A 
rid* wiiA ■ iMTin* iiirtM. iPtMtograpb ciaM nMfiae rbm. bw on* am ai dl 
«ounny New York Zooioftcal SocKty.i eto*et>' rdaud to Iht normal marlM 

tgrtio* ibowa on the oppodH mm. Of 
the bony (M o*lr MMll nuobint of 
bOM rtmahi, and ih* bomv iliiekl M 
Ukewta alncni awl replaced ^ a lOudk 
leailwr)' ludo. ThU H 1 N« laram livi^ 
(iKtle, with a record wsiihi or nanrly a 
ton and a Icofiltoif I Am. (PhoMfrapb 
eouncty American Mutcum of Natural 
HtMory, New York.) 


TNI pramNO Tvatu (CkafMo), Irfi. 
T>m soappan an vadeot water de^len 
in North Amerleaii ainami, neiaMa for 
larpa neadi and iarpe laili - uriuwal ka 
iurdo. (Ntotosnph coutrny New York 
2ool0|ie*l Society.) 




iM ateiMUAK fNAsr-kicKro turtu 
iCtrladaei, /lr*r. Tin* tenfiteded 
form a a repreicntattie of a primMi** 
wrtle troup, (he ‘tM)e.««ck*d' lurtki 
(pituiodiml. found only In touihetn 
(OMinana*. iMieod of pullmp the oack 
Mralphl iolo UMaheil. Ill* luclied In dd^ 
way* along the ahowldor. (Photograph 
eoiirway AiMrtcan MuMum of Nuiiral 
HMory. New York.) 




AuTAM. iu*Taua(Wi). Ti>«(4Ni<Ai«*of 
the genua Trumh, io natrut to moM 
uirtlea. an purely lead dwcflera. dharac* 
leriMd by a hagh. domehka cMapaccL 
Some ipecie foaml on oceanic iitanda 
grow to large tue. Several tuch ipccNa 
ere preaeM in iJie Caiioago* and other* 
oo lilaad* it) the Indian OceeA The 
form Aeircd h from the Aldabra It- 
Iwdt. Record woighi* are over JOO 
pound* end kogiha run to b feci. How 
ihcae land dwdkrt rMChed Mch oceanic 
Itlanda ii a nyiaary. (Photograpb couf 
toty New York Zoolo#eal Socteiy.) . 
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fbC-utVBW Tha two type* which wU (unih* in th« AuwraUtA r««ion. 

Ahmr* kfi tlM dockbiU (O/otfimATiirAw). as •mphlbioua animal wMi a homy btl 
and w«bM ftM- A^*t rttht, (ha apiay anMatar, svilJi »niAa4ifca hair and a kai 
baak. adaptad m larmHa aada«. Thia animal la a pa«^i*l i,ij* 

atMwTi (from New Guinaa) wm ahla w d«i down vawahy airf birv in about 
«M mnuM. (OrairWayiKAMj^phowpnpli couraaay New York ZooMfical Sodeip; 
ZavkMMi. phoaoipaph by h. D. Ripky.) 


raucMK> *HIM*L4. Tba Amenean opoaiuma are iha moM pomitiva of Uvin« mar- 
luoiab. bwl Iha troup aurvivai malM} in Auatralia. On Chtf papa and ihc chraa nau 
followuu are ih»<ni a few of tba nMai' apadalKaO pouched torma of that coniiMCii. 


TKt tAiMANud* woar. An aninal which in iia haku and alamt maioa 
I^JeilnalhSwa paraHcii chMaly tba wolm of other ”'27: 

H a true pouched mammal. (From a pamtiAC by Cnaito R-KnoJit. 
phoM^ph counaay Amarkan Muaouin of Naiural HMory. New York.) 


48 









IM MtWT'tAUD tAMMCOOT. BaodlOOOU tt* Au*> 
I P—. Mnupitb whadi r«*MnM* ntMa m Ihcar 
toM «*rt. Ihttr hoppM| ibiUty. tad lh« bet that 
ikM dll hob* It tbt trdund. bui tbara ibc rntm* 
hiM Mtsti ilM loM ttt* wd )»n( tail in rwm 
they tfo intw-^iir* ^ 
MHtritM. (Phaiartph cearuiy N«w York Zoo- 
M^SodMy.) 


lUUtriAL MOTHMI AAO VOUNO. Xrfit t Wtltlby 

wtib I ) 9 w Wtsr Mill (A thcpoudi; kebr, ■ wambu 
ltd In ptitly irawa ofl»(Min«. Tlt« wtlltbyt b«loa| 
10 Am itagtroa rtiMly. Ttw «ombti It • horb*. 
ymm fo<tn •bkh I* tn may wayt iho muMpitl 
-oikor nianbtr' tha American weodebutk, aich 
nA*r limtltr dentition tad htbiu. (nmeotrapho 
counay N«w Yack ZaoloBktl SoelMy.) 
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IH K<M1A. tna AimiAiwii aiiunal 

krtMMnil) WfWeil • n«n*« ‘^ • 
In MM. h«.»r*«r, H i( eompnrebto 
meter M B ToMy Wr. nnd t» hnbiu 
«• MM teartUtc, for iu <lie( ooruiMB 
•ftucalypUM IMVB*. 


n.rrMu raALAhon. The AueinUan 
ptiAlB Bien 1 re ^oudied BomiMk 
tcMMinf i4u«rrelB.To mahetheconw 
pArieoo docer, we And the devefa^ 
meni of e ‘Ayinc’ form lltfi) oilh 

plreciMIC fOtMOl tkifl W IMIMM of 

the body like ihota of the inwHyirit 
tOuJrrel. 


im iKMw. iM wrewf ere me uMiteit end emotit the cor m noo cw Of meinmalB 
end ceprcMnu moet doBily of liviet eatmele, the knmravorowt encetion of f<e> 
(BMd menmeb. Thb thy nervout emmre i* net pheieiemej the two n(ure» abeee, 
kowerer, •»« >oene idea of iu ipoeernnee (sueedon uA de&uice apoeer to be the 
emotKMU recorded!. (Pbotoirapta by Otivar f. Pcanon.) 
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AM AACHAK CAANtVO«». W AO EWWJW 

ponrtrvd u foMiM o« iioy «Uwn h«« 
r; ICmiht. cenncsy Amerteao MutMim of NtcunI HI 
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MCCOPN MCkTIVOi Th« fMCOOn ii a 
eaaa «f th* d»p but hai kaec nwra 
doadr ID a ina-tfwtding life aaa laniM 
w*ard a mnad or harbivoroin diet. 
trianJcloaa ntaiivaoftfitraccoonare 
Ihoaa her*. Ahaot. itw coaii (Atenae] of 
Ceacrat aw) Soiriti Aiwa r i ci , nmitar la 
ImMi 10 t)H raccoon but d iMiagulahabk 
br bo looa noac. Ta In rttlU the true 
panda (dihirat) of wuihcaaiera Atia. 
I niber largar aniniaJ but abowdnc o^ 
•ioua ilnialaniaaa lo iba racBoon. uaw 
/tpir a aiuch largar ratatad form lAlhir' 
apowi from the lacaa araa. tomaiimet 
rrroaaoMlycalled a paoda - properly iha 
^■aai^mJa^^otographacoortoeyNow 
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WANT MAkA. The lUim «f 

bwn u« related to the Ivae 
heown beof of NonlMni Fur- 
aaa, reMoeonted Ml the Uaawd 
State* by the crizrly bear of 
the weaiarn mouAUina. The 
AMM of Che tribe it the KkMtk 
beer of the AleuUaa ItUaW 
of Alatka (f(ffk which it 
ported 10 reach • weiAi of 
I.etW pM>tdt. StOI lerger. 
however, wet the sr«u cave 
bear of the FleUiocene of E»- 
rope, iUiMreiad below. (Ka¬ 
diak beer photocreph. ceu^ 
(oqr Sew York ZootoiKal 
SoMjr: cave beer from a B>» 
rel by Charla* R. KnyW; 
Bhoio«raph cotirtcty Held 
Mutaum of Netaril Hoeory, 
Cbieado.) 






VAMMH CAJU«V<MteX; 

Ttn orrta h * member of Ik* 
•eaiei frowp, which hat grotm 
to a niM«nM(y food uae and 
eakea te an a^cM life ta a Dth* 
cater. A dete rciaiivo, the rate 
aaa otter of the IMflc. haa (one 
farther m Ihti tyM of life attd 
become a marne fom, parallel- 
inp the teala. 


TMC CAOOca ia alao a laeraber of 
iheweaaai •roupand iaa power- 
M diucr. Tm other badjer 
lypa arc feuait in the OU 


THt CMOTAH (deAceaya) ia ae 
OfWiia) membtf of the eat fam¬ 
ily, wtHch btemctimeataRictl aa 
a 'huaui| dof'. Uahke the 
typical cau, ahich depend on a 
iiwdan 9 nn 4 to aeixt their prey, 
Che dicMh la capeMa of ht^ 
tpeed over a 1 oai dittanee. 


Hraiua Theac arc unlovely edanvea of the avet-moBHioae proop of Old World 
earahcecc. wiwch hat tate to the bfe of aeavcnpcfa. the tpottad hyeee, ahowa 
abe«c, ■ a« Afncao form. Ocher rapraaernaiivaa are the brown hyena of lotith- 
aeii AfrKt and Iba airiped hyiaa of north Africa and w ca te m Ada. (Hyena photo- 
inph counety American Muaeum of Natural HiMory. New York ; other photo- 
irtphe eonrwiy New York Zoolotkai Sodeiy.) 
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piMwinsi - AOUATK cAiMiWMiiv In MvtftI inMuic* rntriMnahM *!•«« 


ukta (o ••! •quaUe lift- A MtomAtl frwip m ihM nt liw PlMupedw, tndudiat iIm 
M k, wctnit, tn4 iMr Abo«« t* lAowi • ml rookin • TwMoi 

rookery on um PnMoff litonds.-AlKko. Thlt « the bom o< the (iir iMh ot ihe 
nonbem PociAe. The photoproM «•* t«k*n u the Meht «t tht brwdliu mmo«. 
Fanklwt in the boekpouwl: idw buBt ie the feregrotMW. The fur ml too hi r*rH 
retMl^M the *m Itont are found only n the hnflc and are to be iliWiAniahed froa 
the oommon aeela of the AilaiHk by uxh feaiurw u the abeertce in ibalaiter of any 
Mojactinc ear. (Pboaotraph courtety American Muaaam of Nature) Hlaiory, Nev 


TM liiewANT MAk (MerrorMiwr), eOere. in 
ohkh there u a ciarioiu davolopmant of a pro* 
boecta Mt the ntalea. TMa amrnal U the lartcR 
of pWBipada. atiainiag a )onfih of 20 feet. Ii 
raa|ta ftnrn Caldonua to ihic Antaraic. The 
phoeetraph (by Sir Dcoalat Mawlon. eour* 

a Nm Vorfc Zootopeal Socatty) ahoin i»o 
Aghuni OB an AetarciK bcMh. 


TM waLAua A pondc/oua melluiemilAf tnembee ^ the pinniped grovp. eofr 
Bnad to cold oortheen ma The upper cantrtet are loomoM luika «hKh apxer 
10 beti(efuliA|nabbla|for onmn ati4muaaele.(Pbo(0|raph iroen a mounted troe^ 
in the Atnarioan Muwum ot Natural HMory. New York.) 
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um-v vNOViATti. Abort, • rwtontKM of fitootodat of tho Mrlv frrnini, t von 
ttriiuihi. ho«(W mommol tyM. with aU Avo to« ond with tomk of timiitt siru^ 
iHio. • •(•■>• )*> BrMffr Botui of (ouihwomni Wvonioo io Mkidtc 

liMM tin*. Uf» utntoihw. archaic and iftacMllMd hoofed form with 
Ihioi pan of boma, a»d. toei^ully. wnall bralna. Uft, OniUMm, an Mrty 
bona irtj. (Fro«i^oun0 hy C^artojX ICn^ht. cc«rwy Amtncao htuiMM of 
KaiMU HMOcy. Now York, and FioM MotMici of Natural K^ry, CTiicafo. 
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u<« ipcetauxao >■ umr mntr l*r(c un, 
:h« tfmlepmani of • pretnidini noM. bu* 
hoMa t^tly mombte the earl^ 


H> lliih. iMt. aiK 

lM(W*«d Other 
fono iho»a he 
mnoiher Uplr ijn 
lety N«* yofk 1 


re oOd- to cd aatuletes (ponAodactyl*). The 
It* i* • South Amcetcaa tood**: 

ittd tn the MtUy regtoa. (Phetegrapn cour- 
nlSecMrO 


TM (KUXTON or A KACiMOftti fSyMOhyh 10 ibow mmm of the feauirv of fM« 
rtiMuie vnguletei; The proumoJ of the Im on ihort. uvin| o pooerlU 
driw*. The *oooodjoint i* tonier. giviag the pOMihUliy Of t lent fore^nd^t mn|. 
The mctap^iolt (hoho* of peUn end *ote) ere tnuc* doMoicd. |Mng ■ thin) Me> 
mcM to the limb, end the number of loce « icOueeit (Trom • mount by S. H. 
Chubb in the American Miweum of NetucmJ Hisiory. New Yorfc.i 
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wcieM. 'iiiedwvmr. tad •odem. (A *»n*i p«Miun|» by Oufk* R. 
IcSfSil.) l 5 »!^diWB hor*« (£A»(^J ofih*oorty Eoeoafc •bout 
C#M^. */«•*!#*•«, • ihioo-tood horn of OVioeM .** '"»• 

ff«»SCi* ho»» of Uk uepp«* oTaSb. ih* «iy Imn* wild ioom^ 
bBnTlPbMOgnpttf GMrieiy Acnohcan Miaeom of Niiurol Kiuory, Now York.j 
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{Ufi) TM IMCIAM WUNfr 
OM*. A jttunlfHMk la 
■Ml lb« hofn b HUM ito- 
vtiopod. but Id twoltdi 
bo«y bkN I* viilMt Ovt« 
ih« noM. IndiMi ■wl 
Jtvaa rtuoMMMi (ft 
cM^orMd and with i 
fotdad ikifi raambUnt 
ann«ur;Mhar iivin« rtiJ- 
OMorAirlea andSuoiair* 
ut i«o-homa<> and *11*1 
■ Mnootiicr iJkiJi. (PHo**- 
■fapb ciMirMay New Yoek 










THi LAmour lANQ ANIMAL. • aiaM. homtaM, foMii rtiioomiM y 

ih* OlitOCCM of Am. ti Iht lartMt ininul kitQ»n whld) wit • hnd dviOtr h k. 
«r OMrM. «KMd»d in tin by $oma atiile*. and ( 0 «n« «r th« nurap<M diooMin lu 
Jli>Mi»AMriM) mn Uim but w*r* obvioutly not in* Und foront. BaUetlihtfLm 
tMciMtM vary (omawKii Iniin : A« Urpit known indlvMuaJ aiwnnw havabcaa 
about IT r«4 M|h at lha aHoulderand 27 Tact in lantih. The iki^ waiaboM ShM 
kMi but mat (aa may be tan rrom iha raMorationi railNa tfflall Tor the anmaL 
(Xaworw^ by Mr* E.R.Fulda: pb«o*rapha eeurtaty American MuMum «d 
Natural Htuory- Nrw Yort.l 
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S UWm* fvUtivvoftlMtwiM. In addiiiofl toihnfunili 
«• f»r ■ peanab m ihwc it • pycmy him 
Wi Ian Nana(taUMnMM«rihii(p«cieaaAd Mromi 
l«a» Yort ^oolo^nl Sociiiy.j 


onlar of evcO'Wad uofuUut, ai 
S uiaa. in wlxcti ih« cm> cftVaiia 
habit of iha ramiMntk m not bow 
opad tad HI which th« Coot hat* 
typtoUljr rour wali-d««*iopad law. 

In AtMrica Iha pip an riptiiMi 
Md by Iha paocariaa, <mm anoonmot 
ia iba tropia and found m far aanh 
u Twa*. Thar art daUngHklMd h* 
the fact that ine uppcf luui (caotp 
teeth) are nee vurvaa upward p thw 
era in the irwa pip. 

The babiniiaa H a ptculia/ pti 
liem the Celebae in whidi thaw 
appar tuakt arc Mphly tptcialtaadf 
they foeea ibeir way upward ibroga 
iharaofortbetaoHi unii curve baG& 
ward M tu that ibair aili^ ■ 
waapoat n much radaoed. 

TU Mppopoumue ie a hibtiete- 


Mppopoumue ie a hihtidb- 
famllur laip hlppopoumuiOap 
hipeopouinue in Liberia. At tab. 
r antpanf. t'~~iir|npTiirniim| 
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rdKkmJ essential the can 
and feeding of the fledgdinp 
m the nest. 

Brain and sense organs 
arc much modified in tt(a- 
tk>n to flight. Birds (like nwn. 
but in contrast to most other 
vcrtebraicsi depend largely 
upon ihdr eyes for their in- 
rortnatkm about ttw outside 
world. The eyes ate targe; 
within the ey^ll is a circle 
of bony ptaica. Such plates 
are present In many pcimi- 
live vcficbraies as a proiec' 
tton against svater pressure; 
here the protection ti against 
wind pressure in flight. The 
brain is scry much larger 
than in reptiles, but the faw 
crease seems to be lebted not 
to much to general InteUi- 
gcnco as to the develupment 
of the cotires having to do 
with sight, beknee, and the 
delicate muscular oo-ordim- 
tions necessary in flying. In 
the skdeton there are many 
modirtcaiiotts in connexioo 
with flight With the result 
of lessening the specific gravity, not ooly are there air sao 
within the body connected with the hings. but many of the bones 
of the skdeion are hollow and air-fiUed. 

The breastbone, or sternum, is usually little developed m 


tw titMMM ■ mtma bM. Now wi 
tMio >t»oii> on «, tat Won Sow. wa 
lat oiM WdHM UUWw ilM III li ol 
dM ena iSNt 'Stetn'. Tbo (tot k faw 
tots, oka lat sra too « lat toea. tat 
inKid lo toona »tfid fat^wJ. oM t 
lUotMtt ttw WoWw to tax af 
Waowun. Tka Urd 'oWWow' k iha 
riNhtanx, X dwkk Mt <r ackai 
ankaalk Tka monmm kw kbuw t. m 
i(t"i iin i MX k datalopad M cony Wt 
d ooxlkl aring xiarka tWo ‘okkontx’ x 
Wa tllWinX (AAx ntaaxoii, Ikr OrOW 
«r akW. le y ikk i a of tX Appk a ia • 
OxtXT Ok. xwawxil 


reptiles; in birds h is an enormous plate covering nearly the 
whole underside of the chest, with a strong keel in the midline. 
To it are attached the powerful chest nuiscks propelling the 
wings (these muscles form the white meet of the etudeen). In 
the hand there are but three Angers remaining of the original 
fisc (there hat been a similar reduction in some dinosaure), and 



















































TKI ORtOIN or BIKOS •« 

wwk flytog txHiKlM. None ot the hoaes was hollow, a«d the 
jews wore armed with teeth. These fonm are, because of the 
poseeuion of feathers, tecfankaliy binJs, but birds oot far 
rennoved from their ruUng-r^le forebesus. 

There has been much dtscusaioa as to the origin ot flight. The 
theory most genenlty hdd b that the BOcestral bird was a tree 
dweller and that flisht started as a sli^t parachute effect at the 



Proevis jumped from branch to branch, the developing wings 
breaking the fail on laiKUng; gUding would have bem a subs^ 
quent stage. A second theory is that the anceHora wen ground 
types and that the feathered arms and tail helped, by acting aa 
planes, to increase the speed in running, lifting the Proavii 
somewhst oft the ground. 

caeTACious and LATta aiaoc. A full period aAer the 
appearance of the first birds we catch a second glimpte of the 
developing bird life of the Age of Reptiles in the remains of some 
water birds from the marine rocks ot Kansas. One of the types. 
Htspfronds, the ‘western bird’, was a water^wdliog diver which 
had lost tlw power of fU^t; a second, IckikfomU, the 'Sd) 
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bird'. MCtns lo have lived a life like that of modeen terns. In 
both romu teeth were present, but the flsh bird was already 
highly modernized in most other respects, with powerfully 
developeil wings. Teeth appear to have been lost at about the 
end of the Mesozoic, and during ilic Tertiary ihert look pi wtif 
die developmeni of modem bird groups 
Concerning most of iliete w« shall have but little to say here. 
Uirds are interaely interesting to many of us because of »V It 
plumage, habits, und songs. Rut the classification of the grot^ 
presents relatively little of interest to the scientisi, for under 
Ihetr skins birds are remarkably uniform in structure. Their 
fottil history is very poorly known: their small and hollow botm 
are preserved only rarely. Wc shall, hovwver, mention here a 
few of the more primitive or more aberrant types of birds. 

rtiOHTLlss aiaos. To^ay we find in the southern con¬ 
tinents a number of ftighiicss types of birds - the rtiea of SouUt 
America, the ostrich of Africa, the emu and cassowary of the 
Ausiniliin region, and the kiwi of New Zealand. In the Pleisto¬ 
cene q>och just behind us there wore several other birds of the 
same sort, notably the 'elephant birds’ of Madagascar, whose 
enormous eggs have sometimes been found preserved entire in 
the swarrpi of that island, and the varied moos of New Zealand 
(one readting a dozen foci in height), which seem to have been 
still in exisience when the Maoris reached those islands not so 
many centuries ago. Ijtocpi for tlM kiwi, all these birds have 
miwh in common: they are lai^, with powerful hind tegs and 
small heads, the wings have been reduced to vestiges, and the 
fbaihers are soft and Rufiy. Many workers Itave suggested that 
these birds are primitive types which had never attained the power 
of flight. Tlie similarities, however, arc merely features which 
one wotild cspoct in any sort of large bad which had ceased to 
fly. Their distribution is inlercsling. Considerable freedom from 
enemies is a feature common to these types. In New Zealand 
there is not a single flesh-eater to disturb them. In Australia 
the only carnivores are cutnpnraiivdy harmless pouched animals 
related to the opossums: there were (in nature) no members of 
tlie cat or wolf tribes on that continent. The same was tnie 
of South America until quire recent geological limes, and the 
island of Madagascar has no flesh-carers of any great size. 
Further, the rhea and ovtrkh dwell in opat coutiuy where. 
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rH9 OKIOiN or ItlDk 
once ihcy atiafn any *!« and speed, escape from enemies b 

"aU these facB sugpeat that these great cround-dM«lling birds 
arc really descended from Hying types, alUKHifh probaNy from 
forirn in which flight was pooriy dcseioped. Why do birds fly 
■I all? The search for food b a major factor: but safety from 
enemies is perhaps a still more important reason. If rcgkms 
could be found where food were pienliful enougli without Hying 
for it and where there were no enemiea of Imporiancc. beds 
might well abandon flyirtg. conserve their enenpes. and return 
to tl» ground. Such conditiotB ere met with in the homes of 
most of there Hightfcss types and may have been responsible lor 
(he development of the Pleisioeene and Recent giant birds. 

l-lighilcss birds, although of a quite different sort, were present 
in the curly Tenlary of the Americas. Dtatryma, a fossil wingless 
bird from Wyoming, was a contemporary of the cauticst hones. 
The horse, at that time, was the sl» of a fox terrier; this bird 
seven feet lalL 

There giant early birds armne one to ipoeulaiien; ihcir 
presence suggests some Interesting poesiWHlief - which never 
maierullaed. At the end of the Mesecoic. as we have seen, the 
groat fcptila died off. The surface of the earth wu open for 
conquest. As possible suceereon there were two groups, the 
mamnwU - oor ovm relatives - and the birda The former group 
tait the presence of such forms as Dtatryma shows 
that the birds were, at the beginning. Ihdr rivals. What would 
the earth be like to^y had the birds won and the mammals 
vanhbed? 

rENOViNa Wc cannot kave the topic of bird oddities 
without a brief mention of the penguins. These sotemn'loeking 
fellows are primitive in some respects but in others are among 
the most highly specialized of birds. The winp are totally 
Incapable of functioning ia flight but are powerful flippers used 
in swimming 

The penguins arc confltted to the Southern Hemisphere, and 
remains ot fossU penguins (some as large as a man) have been 
found in deposits on southern niartds dating to the dawn of the 
Tertiary. An interesting suggestion has been put forward es to 
their origin. When the mammals, at that time, succeeded to the 
crown of the reptiles over most of the earth, it is possible that 
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membm ot this class did not reach the isolated Antarctic land 
areas. Thh em^it)' contioent would have presented on exceUeni 
opportunity for the ancestral penguins to return to a ground life 
much as many other birds have done in other regions. But while 
the Antarctic appears to have then had a temperate climate, 
there must toon have begun in Antarctica, as elsewhere, the 
gradual cooling of the polar regions which was to reach a 
in the Pleislocene Ice Age. With the loss of flight, these birds 
could not escape by air from an ttolaied and increasingly 
inhospitable lan^ Esupe into the sea. however, was still possible. 
Such may have been iIk history of the penguins. 

HOMING AND MioRATiONS. It is a matter of common 
knowkdfe that many birds are able to return to their nests 
even if removed to a considerable distartoe; the homing pigeon 
is a familiar example of this, and all birds whkh have been 
investigated exhibit the homing institKt to a greater or lesser 
degree. Of course, not all birds taken far from their nests return: 
some may be in poor eondllion and unable to make the flight; 
others may become victims of enemies or of storms; otheo 
possibly may not strong feel the 'urge* to return even if 
capable of doing so. But a remarkably large percentage do 
return, and return promptly. 

How this is accomplished b a sdentifle mystery. A bird may 
learn a route, as b the csk in training homing pigeons, or, even 
if taken over it only osKe, might pkk up enough visual landrmrks. 
Bui vbion can be dtminated as a necessary feature. Birds can 
still return if carried away blindfolded or if traruporied by sea, 
as. for example. Urns uken by boat from Key Weu across the 
entire Gulf of Mexico to Galveston. Perhaps, one might suggest, 
the bird can, in default of vision, be able to keep track of the 
direction in which it b iravcUing, just as a man can to a degree 
maintain hb orientation when travelling at night by keeping 
account of the turns of the road. But this possibility has been 
eliminated by carrying birds long dbiances (as Berlin to Frank¬ 
fort on the Main) strapped to a revolving phonograph turntable. 
Such birds, apan from a touch of undentandaM dizziness, 
appear to be quite undismayed and have promptly returned 
home. 

A flnal (althou^ fairly obvious) suggestion b that their 
return b a matter of chance; released, they simply wander about 
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•fld may eventually ttriVe the right spot. But here a lime factor 
enters. U b obvious, from simpk geometo'. that, if one binJ is 
taken twice as far from home as aitolher, iu return by rantlom 
wandering shouliJ take about four limes as long, on the average, 
•nui is not the case. Such ceiumed birds lake only about twice 
as kmg: and •" In general the time consumed is meiely 

a reasonable one for a direct flight. 

Wc have thus exhausted all reasonable powbibiMs of ex- 
Diaining ihb remaritable Instinct. Recently a psychologist wiriiing 
w do more work on this problem applied foe financial suppori 
to a fund designed for the Investigation of psychic phenomena. 
Such phenomena. It was decreed, were to be defined as those 
beyond the realm of the known senses. The investigator argued 
that the homing instinct was in this category ss suidy as tiiy- 
ihins he knew of! Hb retiuesl was refined, but hU argument 
seems to us a reasonable one. 

Equally inleresiing b the topic of migralioa. In North Tem¬ 
perate zones we see each autumn a vast streaming southward of 
the bird population and each spring an equally great scries of 
northward migrtikutt. Why do birds migrate and how are tbete 
migratioRS. often over long and cooipUcated routes, aecom- 
pibhed? 

It has been suggested that an annual aorth-and-sovth drilling 
of bird popubtkms began in the late Tertiary as climatic con¬ 
ditions, previousiy rather uniform over much of the earth, 
became sharply zoned (as at present) between arctic and tropics 
and marked seasonal dilTcrences becama cstabibhed. Thb does 
nol, however, tell la why sn individual bird to-day migrates, 
for the bird b not versed in geological history, nor can it read a 
calendar. What sets off the migretory stimulus? Temperstuie, 
perhaps, or light? WiU coW weather or ihofier days send a bird 
southward, and vice versa? 

Research appears to rule out temperature as a factor, but the 
length of day appean to be inOueniiai. in some cases as least. 
Seasons of rnigration and breeding scasoai are closely coniMCled; 
and the lights seen burning in many a fanner's henhouse on 
winter evenings are a demonstration that li^t and reproductive 
activities are closely associated, Increased amounts of light 
seem to stiimiliie the pituitary gland (apparently vb the eye); 
thb gland in turn siimubtes the gonads (reeulting in the case of 
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the fowl in more egys). In many birds lengthening days (and hence 
more light) are followed by migration and breeding. The breeding 
is associated with light suppjy. May not the migration be equals 
associaied? Such work as has been done suggests that this is the 
case, although the resulis are not conclusive. 

Out even if we find a mechanism for setting off the migratory 
tntpulse, we have not solved the entire problem. For in many 
cases the migration it rw mere drifting noriii and south, bui 
one which follows definite paths. The Abskan golden plover in 
autumn sets its course southward over three thousand miles of 
open ocean to the Hawaiian Isbisds on its svay to the South 
Sons. How does it set so straight a course, when a deviation of a 
few degrees would cause it to miss its goal? 

The more common Americnn golden (riover follows a more 
complkaicd route. Following a June nesting season on the 
Arctic shores of north-western Canada, the adult birds Ay emu 
to spend the early autumn in Labrador. Then, turning southward, 
they take a sirai^l course from Newfoundland and Nova Scotia 
to Venerueb. never normaliy touching bnd unless driven off their 
course by stornss. A further, more leisurely, migration carries 
them to centre in the Paraguay region by the time winter hat 
arrived in the Horth. 

Possibly a bird might learn such a route by following hh 
elders. But what of the nesriy hatched young? They are left 
behind in the Arctic; there a no one to guide them. A month 
bter they leave and follow the same complicRted route east to 
Labrador, south over the ocean to the Orinoco, and. hnaJIy. 
after some six thousand miles of travel over lands and seas they 
had never seen, n^oln the older birds in their wintering region. 
Why and how do they do this, all untaught? Does each germ 
cell of the g^den plover carry within its tiny nucleus a marked 
flying chart of the Western Hemisphere? 


CHAPTER I 


Varied Reptilian Types 

In tki present chapter there will be considered bridly tetcraJ 
repUlian groups which have had less spectacular careen than 
the ruling nettles but whi^ have been, nevcrthelea, suootssful 
in surviving to the present liine; in addiikMi wc sliall treat of 
two cxtifKt types of interesting marine reptiles. 

SCALED RBPTILeS 

LixAEDS. The lirards are a comparatively unprogretsive but 
>el not an unsuocessAil group. Th^ are the most abundtuil of 
livirig reptiles, represented in the iropicaJ and mrmer icmperute 
regions by a host of gntera aitd ^secies. Th^ have in great 
measure retained the primilivB sprawling type of walking charac¬ 
teristic of primitive land dwellen and iIk salamanders. The 
llntbs. however, are lightly built, and some linrd types are 
capable of running rapidly. The average lizard is a small formt 
but on the island of Komodo in the East Indies there art living 
monitor lizards attaining a length of about a dozen feet. One 
fossil Hard from the Pleisiocene of Asia was at least twice as 
tong, thus reaching the proportions of many dinosaurs. 

There are numerous interesting variants of the lizard group. 
The ehameleon of the Old World tropics is a grotesque creature 
with a long protrusible tongue for inseci-catdiing and a clutching 
hand which has. not a thumb opposed to the remaining four 
flngcra, but two fingen opposed to the other three. Some 
burrowing lizards, again, have become blind and are limbless, 
in snakdike fashion. 

MAAiNB LIZARDS. We hsve reviewed the various stages 
through which the anceston of the reptiles passed to be com- 
pletety freed from an aquatic existence and become purely 
land-dwelling types. But. curiously, no sooner did the reptiles 
attain this terrestrial mode of life than many groups began to 
reverse the process and return to the water. We have noted 
that among the ruling reptiles the phytosaun and crocodiles 
had returned to an amphibious type of existence, and also among 
the lizards several groups have become snier dwellers. 
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Tlw one living marine lizard u>-day is o form found on the 
GaBpegos Islands. It is an excellent swimmer, using a long 
compressed uil os a propulsive organ and feeding upon ibe 
seaweeds along (be shore. Ibis lizard, hov«ver, b not completely 
adapted for water life (iu toes, c.g., are only partly webbed) 
and spends most of tu cxisierKe upon the shores. Much more 
highly adapted to a marine existence were (be mosasaurs, huge 
marine lizards of (he Cretaceous. These great extinct forms are 
found in marine deposits in almost every region of (he earth; 
(he best skeletons have been obtained from the chalk rocks of 
the seas which once covered western Kansas. The name, however, 
derives from the fact that the first specimen came from the 
banks of the Meuse River (Latin Mosa) (n Holland, whence it 
was taken to Parbin 1795 as one of the major spoib of a French 
revoluiiooary army campaign. 

The large mosasaurs reached a maximum length of thirty to 
forty feet; about half the length was included in (he long 
flattened (ail, whkh was obviously (ho mam swimming organ. 
The limbs were very short, with broad spreading toes which 
presumably were webbed in life and served a steering fimciion. 
The numerous pointed teeth of the typicaJ mosasaurs lead us to 
believe that th^ subsisted on fish, plentiful remains of which 
are present in tte same deposits. 

SNAKES. A development from (he lizard Mock b (hat of the 
snakes, last evolved and most progressive of living reptiles. 
Lizards are not known before the Jurassic, and the snakes do 
not appear until the Cretaceous, last of the periods of the Age 
of Reptiles. 

A snake b a logical ouioome of lizard evolutionary hblocy. 
We have noted before that the early land animab, like their 
ftth ancestors before them, depended in great measure upon a 
sinuous iwbting of the trunk in locomotion, the small limbs 
mainly acting as supports against which a forward push could 
be exerted. The snakes use the same principle but haveabandoned 
kgs and utilize (heir scakt as poinu of support. The (hkk horny 
scales with whkh they as well as their lizard cousins are covered 
overlap shingk fashion with their free margint pointing back* 
ward. As the body twbts the seaks prevent any backslip but oflbr 
no opposition to forward movement. 

Seme lizards unrelated to snake ancestry, we hare noted, bad 
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also lost their legs: (he 
(nie distinctive feature 
of the snakes is the much 
modiAed tkuli. In the 
snake the jews ere 
readily spread apart and 
ore very loosely attached 
to the skull ao that the 
gape of the mouth is 
enormous; a snake but 
a few feet long can 
swallow a rabbit entire 
and digest it at leisure; 
some tropical snakes can 
swaHowaman. 

Only one luard (the Gilt monster) is poisonous, and even 
among snakes the majority are guile harmless; in moct of the 
United Stales, for cumple, the rattlesruke and ooppertwid 
(and the water moccasin in the South) are the only noxious 
forms. The poison is developed in sacs adjacent to ccruin of the 
teeth in the upper Jaw, usually a pair near the front of the 
mouth. In some cases these teeth have a groove down one edge 
through which the poison may trickle into the wound; in the 
more highly developed forms the tooth is hollow, exactly 
analogous to t hypodennic ncedie in conatructioa. 

THE TUATcaA. Living Uwlay only oo a few bdaled aleti 
olT the coast of New Zcolartd is the tuatcra, scientiflally known 
os SifhnodoH, a small reptile which appears superficially inuch 
like the lizards and reaembles that group also in many structural 
features. Thera are, however, some chorocten more primitive 
than those of any lizard; in the temple region, for exam^ there 
are two perforations In the bones roofing the skull and giving 
play to the jaw muscles. The lizards appear to have lost one of 
these temple opeamgs, but both haw been retained in the skull 
of ruling reptiles. It was long ago pointed out that the tuaicra 
isa raptilian 'missing link’ which may be a survivor of an archaic 
group from which the ruling reptiles, lizards, and perhaps other 
types may have evolved. Strong ev)d«ice for this point of view 
lira in the fact that forms quite similar to are found 

os fossib in rocks far back to the Age of Reptiles. 
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Why has this ‘living fossil' survived in this Ofw locality when 
Its rcliiiives have othemvise perished? I'his ii an extreme case of 
survivul due to bolaiioru Archaic members of any group usually 
persist only when comparatively free from competition with 
more progretsis'e types. New Zealand has probably been com¬ 
pletely separated from other bodies of land since some time in 
the Age of Reptiles. The devclopmenl Of muimnats in other 
continents has probably been a factor In ilw dcsiructton of the 
tuatera's relatives over most of the world. But not a single 
mammal (except the bats) appears to have reached New Zeeland 
until nun arrived, and the lack of competition has presumably 
been the reason for the preservation of this archaic icptile. 


TURTLES 


The turtles arc the most bbarre of reptilian groups. Because 
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they are still living, turtles are common¬ 
place objects to us; wcK they oxlinct. 
their shells, the most remarkable armour 
ever assumed by a land animal, would be 
a cause for wonder. 

THE SHELL. The armour plate of an 
ordinary modern turtle is composed of 
lao materials - homy scutes represent¬ 
ing the ordinary reptilian scales on the 
surface and b^ plates underneath. 
The outlines of these two sets of armoui 
maienols do not in general coincide; 
there is an alternation of Joints, which 
gfVBS greater strength to the combined 
structure. 

The shell it divided into upper and 
lower portions (carapace aitd plastron, 
respeciivelyl, connected by a bridge at 
(be sides. Down the middle of the top 
is a row of almost square bony plates, 
most of which are fused tightly to the 
joints of the backbone beneath them; 
00 cither side is a row of longer plates 
fused to the corresponding ribs; a ring 
of small plates around the margin 
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compte(«t the top shield, the undershkM b composed or a much 
smaller number of large pbics. The shell b widely opened at the 
front for the withdrawal of the head and front legs, behind for 
(he hind legs and stubby tail. 

The turtle pit b a very awkward and lumbering one, with 
ihe limbs sprawled outward at the side. With the broad ventral 
shield no other type of walking b, of course, possible. But H is 
probable that Ihb style of walking aniedaies the conaroclioo 
of the turtle's shell. Ihb sort of locomotion was, sve have 
noted, charactetisitc of primilive land dwdters in generaL 
Apparently ibe turtks evolved their shells before siyfcs in 
walking had improved; once the armour was in place, no im¬ 
provement wus possible. 

Ill turtles (as in modern birds) the teeth have been entirely 
kwi and replaced by a stout and sharp homy bill bounding Ihe 
margins of the Jaws. 

TURTLE TYPES. Most primitrve of living turtles are a few 
I'onm. unfumlliar to most of us, which dwell in the southern 
continents. The origirul turtles, it would seen, bed twt the 
power of drawing in ihw necks. These ‘lide-neckcd' turtles 
tpkurodires) of Smith America, Africa, and the East Indies 
have soKed Ihe proMcm of head protection by lucking their 
necks sideways over their shoulders under the front edge of the 
shield. 

All other turtles, including ell those found in the northern 
continents, have evolved a dtlTcrcni mode of head protection. 
In these fonm (the cryptodirm or ’conctukd nedts') the Iread 
b druwn straight back Into the shell, the neck being very flexible 
and bending into an S-shaped curve when the head b pulled 
back. 

Some lunles arc nonnal land dwellers, ihu beiag partlcutarty 
(rue of Ihe high-shelled lortones. Some members of thb group, 
such as the ordinary 'hard-shelled gopher' of the southern 
United States, are rather small forms, but on various islands 
such as the CoUpogos ai>d Mauritius they grow to gigantic size. 
Very probably this growth b related to the absence of enemies 
on the bbrsds. Reptiles In general do not reach any definite 
adult sia but continue to grow, albdt slowly, ihrou^toui Nile, 
and seme of these ponderous tortoises appear to be a oenniry 
or Iwu old. 
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AQUATIC TURTLB&. The Ucnd towards to aquatic exnienoe 
b ttrong in the turtles. The various types of marsh end mud 
uirtks ^end, as their names imply, much of their time in the 
water, and the snappers and the soft>shelted turtles are stream 
dwellers. Even farther along this line of development are several 
purely marine iyptt of turtles which spend almost their entire 
life at tea. coming ashore only to lay their eggs. Since the body 
b inflexible and the tail but stubby, locomotion is necessarily a 
function of the legs alone, which ore short broad paddles with 
the loca webbed. 

The armour b of reduced importance to a water dwdier and, 
hirthermore. is a considerable hindrance, since it increases the 
specific graWty of the animal. In the Boft-shelled river turtles 
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the horny scutes have been lost, and the tame u true of one 
tea turtle, the leatbcrbock. The other living tea forms, the green 
(turtle soup!)i howksbill. and loggerhead turtles, have reuined 
the homy covering but have lost most of the underlying armour. 

Tbb hut condition was also true of (be oldest known sea 
turtles which were present In the Cretaceous seas as contem¬ 
poraries of the fflosasaurs. These were in some insuncet very 
large forms, one having a body a dozen feet In length. 

TuaTLB iiisToay. The exact line of descent of turtles from 
the stem reptiles b not certain. A clue, however, b afforded by 
the finding In the Permbn rodcs of South Africa of a small 
animal with a long name, Eanoioaauna, which has broadly 
expanded ribs, giving it somewhat the appearance of an umbreQa 
|dui and suggesting the beginning of (he turtle shdL 
The turtles, once within the shelter of their armour. becaoK 
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the coraervathree of the reptilian 
world, "nw oldest fonns were «*► 
iCRkpomiee of the earliest dlno- 
mun. The rultn* reptiles ftew to 
dominate the reptilian scene, but 
the turtles persisted unchartfcd. 
The dinosaurs pasted away, and the 
mammals took their place, but the 
turtles went calmly on thcif pladd 

way. Now man dominates the scene. 

but the turtles are stilt with us. And 
if, in the far distant future, man in 
turn dimppears from the earth, very 
likely there will stiU be found the 
turtle plodding stolidly on down the 
corridor of lime. 

PLBSIOSAURS 



We have obeerved that marine 
branches have developed in several 
groups of reptiles which have also 
lerrestml npmenutives. We shall 
conclude this chapter with a con- 
lideratiOB of two extinct reptilian 
groups which were exclusively 
marine in tuture. 

The oldest remains of one of 
these groups, the picsiosauts. came 
to light in Europe over a century 
ago. The scientific name applied 
then to them means ‘near reptiles' 
and refers to the (bet that it was 
then thought that they were forms 
coming up towards the reptilian 

level from a former w«ter-d«^Bg Ufe. We now kxww. howevw. 
that the reverse was really the case and that they are, a^in. 
descendants of land animals which bad taken to the aces and 
adopted a Asb^ting mode of existerKe. 

Tlw plesiosaurs were common inhabtuitis of the Jurassic 
oceans and survived until near the dose of the Cretaceous. 
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when they are found as oootcmponu’ies of the marine lizards 
and earliest sea turtles. Ptesiosnurs reached a maximum len|ih of 
about foriy feet, and one form from Australia lud a skull 
nearly ten feet in lenidh, a size focoixI for reptiles. Their build 
was a curious chm. An old writer described o plesiosaur as *a 
snake strung through the body of a turtle*, and in some instances 
the comparison is not inapt The trunk was very brood, flat, 
and inflMiUc and was vMdl piaicU with bones. These, however, 
were not armour but areas for attachment of Che powerful 
muscles of the paddles. Since the Iruidc was a rigid strueiure 
and tbe tail little developed, the plesioMurs. like the similarly 
construcied turtles, had to 'row* ihcmieivcs along by powerfully 
developed limbs. These were much more hi^ly specialized than 
the limbs of tirards, for the number of /oints was often greatly 
increased. In no normal land reptile dom the number of Joints 
In a toe exceed flve at the outside; in plesiosaurs there were 
sometimu over a dozen joinu per toe. 

An unwieldy body of this sort was obviously a disodvanugeous 
siructuiv for animals which pursued elusive Rshes; sharp turns 
and dclicale steering were os impossible os they are in a rowltoai. 
In compensaiiort we hnd that many plesiosaurs had much elon> 
gated and flexible necks (one form had scveniy-ivro neck 
vencbrael) which could be readily turned to dart tbe head at 
the prey. Such forms usually had short heads; another type of 
plesiosaur bad a shorter neck but a much-elongaicd beak which 
appeared to serve Just as well. 

ICHTMYOSAUKS 

Of all reptiles, the group most highly adapted to an aquaiic 
cxisierKC was llui of the extinct kbthyosaurs, which well d^rve 
their name of'(ish reptiles'. The lifespan of these forms covered 
most of the Mesozoic, or Age of Reptiles; they seem to have 
occupied the place in nature now taken by the dolphins aod 
porpoises. 

liie si^erflcial appearance was very Ashlike; the body was 
short and rather d«p and compressed laterally; the neck wu 
very short, with the head set cl^Iy on the siMulders, ao chat 
there was a reappearance of the (orpedo*like flsh type in body 
form. In black shales in southern Germany have been found a 
number of specimens in which the skin outline has been 
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straighl-uiledtninMi. But lAtaWbrn 
apedmens with llte body 

outlines presers'ed prove thit the seeming break » a normal 
condition; there was a very sherklike (nil «ith. however, the 
backbone caietiding down into the lower lobe. Mhereas infislies it 
lilts upwards into the upper half of the lin. 

Ibe khthyoMun undoubtedly swam in ftthlikc fashion by 
lateral unduUtioni of body and tail, and the limbs, used only for 
sieerbic and balancing, are comporuLively small. They are s«ry 
highly modilled; Uie individual bona asumed circular or 
polygonal coniours and were packed very dosdy luecthcr so 
ibai while the limb as a whole was Aexible, there were no free 
nsovemenis between the joints. As In ihe ploiotaun. there was 
a considervble increase In the number of toe joints. But while 
(he plesiosaurs retained (be inginai number of toes, the lish 
reptiks varied widely. Some had but three toa in a fin: in 
others, new toa were budded ofT, giving as many as eight digits; 
this Is the only group of four'Tooted animab which has esoeeded 
(be orthodox number of toes. 


Tbete creatura were so caircme in ibeir inatioc adaptatioM 
and their limbs m obviously unsuited for ute on land that (be 
problem of khihyosaur reproduction was early raised. A 
reptile's egg srill drown in the water as surely as an adidt. In 
sonw snakes and lizards (he eggs are retained in the mother's 
body until they hatch, and it was suggested that (he reproductioo 
of i^ihyosaurs must have been of a similar nature. In agree¬ 
ment with this idea that the Ash reptile's young were bora alKe 
are a number of specimens which ictually show skeletons of 
young khthyosaun Inside the body of an adult individual. It 
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has been argued that these may have been youngsters which 
had been eaten by mistake. But in several [nsiances the young 
have been observ^ partially ensergeni from what would have 
been the outer opening of the reproductive tract in life. The 
mother here apparently died during childbirth or (there are 
human parallels} labour may have taken place after tbe death 
of tbe mother. 


CHAPTER 9 


The Origin of Mammals 

Ws new ntraee our »ie|W from a consideratiOD of the treat 
dynasties of the Ate of Repiite to the ori$ia of our own closer 
(vlatives. Man is a mammal, member of a treat group which 
includes almost all the larger animals inhabiting the surfaa of 
the earth (to say nothing of the whales and seals of the seas, 
the bats in the air). 

MAMMAL CHARACTEKS 

RSFRODUCTiON. Tbo naiDC indicates one of the features of 
the group. Mammah nurse their young. Postnatal care of the 
young if unusual in lower vertebrates but common in birds and 
mammals. higlMsi of backboned animals. In addition, none but 
cbe most primitive of mammab lays eggs; all others besir their 
y ^Ti mg alive, and in most there is a wel]*developed cnecbarusro 
for the nourishment of the young embryo within the mother’s 
body. AU these fcatum seem to be assodatad with a hi^ degree 
of organizatioa the mammal body, for Use devefoproent of 
which these b needed a considerable period of growth. 

WARM RLOOO. Mammab are warm>blooded forms; a hi^ 
body ttmpcfsture b maintained. Hair and sweat ^ands are 
p ^ti«r mamm alian features associated with temperature regu¬ 
lation, and there b a hi^y developed breathing mechanboi 
whkb b in constant use. In additson there is a very tiDcteai 
drcuUtOfy system with a complete sepsntioo of aerated and 
impure blood streams. The heart {pp. 3M. 343) b a doubte- 
banelled, four-chambered organ, as in birds (but not in reptiles), 
with Mood on one side in transit from the body to the hmgs. 
on the other, from the lungs to the body. 

BRAINS. The brain of reptiles b a small sinicliue tucked 
away in a small area at the base of the skull. The brain of 
mammab, even the most stupid of them, has enlarged enor¬ 
mously. Most paru of the brain have, however, remained fairly 
coftsiani in size. It b in the cerebral hemispberes, originally small 
structures dedicated to the sense of sm^, that almost all the 
growth has taken place. Here there have arbeo higher bnin 
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centres which haw placed the mammals as a group far above 
any other vertebrate stock in their degree of mcmul tlesekipmeni. 

SKULU The skull and Itsad of mammab is a very different 
Mfucnire from that of reptiles. Many of the reptile bones have 
been lost {cf. p. 363). and the pineal eye no longer functiom 
Ihe originally solid temporal region has been pierced for the 
aeconwwdation of the jaw muscles, leaving a bar. or arch, at 
die edge of the check region: the brain case has swollen out 
cnormotisly to accommodate the expanding brain. The skull of 
reptiles joins tiK backbone by a single, round, bony knob, or 
condyle; in iiumtnals a pair of condyks h present. In reptiles 
texcept the isocodiks) dte nostcils open into the front of the 
mouth. In mamoiah there has developed a bony pariiliOD which 
seporaies nasal and food passages hack to the throat, a feature 
of imfKmanee In forms in which constant breathing is a vital 
nueetsiiy. In reptiles there are normally some seven bones in Uk 
lower jaw; we mamnuls haw but one <lhe denlary), and this 
■rticulaics with a difiercnl bone on the side of the skull, tlx 
squamosal. Our whole joint hns changed. 

TCBTH. The dentition of mammab has become greatly 
modified. Lower wriebraics haw an indellnitc amount of 
tooth replacement: mammab liave but two sets of teeth, ’milk* 
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and permanent. The teeth of primitive wrtebralcs were usually 
of about the wme shape in ditrerent paru of the jaw; in n»inmak 
the various parts of the tooth row are highly differenuated. 
There was some eerly varlaiioo, but in the ancestors of the 
higher tnanunals the dentition can* to be made up of three 
sharp nipping teeth, or incisors, at the front of each Iwlf of 
each jaw. a single large, stout, piereing tusk. il« canine, four 
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pcemolar lecth behind this in ihe front of the cheek region, and 
ihi«e grinders, the motan. This gives a loul of forty-four leeth. 
Most manwnaU have (ost some of this set of teeth («e have, 
t*., but thirty-two); fetv have exceeded this number. Thh type 

dcfitiiion is one suiubk for a carnivore, and the aiKestry 
of all the mammals lies through a long line of flesh-eating types. 

■Aaa In reptiles the eardrum lies almost at the surface, near 
the back of the jaws; in mammats it Is deeply sunk in a tube, 
and an external ear flap for the concentration of sound wavea 
has made its appearance. In reptiles there b but one small aaide. 
the stapes, for the iransrrUssion of sound from drum to inner 
ear; in mammab there are three. As we rftall see (cf. chap. 17). 
the two new ossicles have been derived from the old reptile jaw 
joint. 

i.nroMOTtoN IN MAMMALS. Wc hsve discussed the cumber¬ 
some, waddling type of walking common to all pritaithe bnd 
animals and tweed bow the ruling reptiles solved the 'problem' 
of fast Rwsement by taking to a bipedal mode of life Our 
ancestors also came to a successful solution, but in quite another 
way. All four limbs were retained but swung around into a 
fore-and-aft position, the knees brou^i forward, the dbows 
back. In ihb mammalian pose, we have a much more elflcient 
sort of apparatus than the primitive one. In an early reptile 
type OMich of the energy expended was used to keep the body 
from collapsing on the limbe; here all the muscles can be ued 
for sttai^uwty forviard propulsion. Thb change in posture 
has been accompanied by many changra in the bones and 
muscles of the limbs, of whidi we wfll note but one feature here. 
In primitive reptiles the count of the toe joiou was, from the 
'thumb* or b^ tee out, 2-3-4-5-3; in mammab the nwSdle 
fingers have shortened up, giving a cmini of 2-3-3->-3 (p. 373). 

AcnoN. If we attempt to evaluate the meaning of an the 
features in the structure of mammals whkh disUngubh them 
from replilet, we may perhaps sum them op in one word - 
activity. The ancestors of the mammab were carnivores, leading 
lives in which speedy leconwtion was a necessity. The limb 
developcncnt has given effecitvetsess to thb potenUal activity. 
Brain growth has given it inlelligent direction. The mainlenance 
of a high body temperature and the various dsonges associated 
with thb are related to the need of a continuous supply of 
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energy in animals lending a constantly active life. Even Uie 
improvements in reproductive habits, which ate a prominent 
feature of mammalian development, seem related to the needs 
for a slow maturation of (be complex mechanisms (particularly 
the bnin) upon whidi the tucca^ul pursuit of an alert and 
active life depends. 

OUR REPTILIAN ANCESTORS 
We might at first imagine that the evolution of such a highly 
developed group as the mammals would have been a late feature 
in reptUian history. This, however, is exactly the reverse of the 
case. The reptilian stem from whidt the mammals sprang wu 
one of the Arst dtlTerentiaied from the primitive reptile stock; 
and the first mammals themselves appeared nearly as early as 
the first of the dinosaurs. 

PBLYCOSAuaa A first stage in the diflerentiatlon of mans- 
mats from other reptde stocks is that of the pelycosaurs, well 
represented by fossib in the Texas ledbcds. Tbm beds date 
from the late Carboniferous aivd Lower Permian, a lime when 
the stem reptiles still flourished and ruling reptiles were unheard 
of. Among the pelycosaurs were all the progressive carnivores 
of the day. In many features they still had not departed far 
from the primitive reptile stock. They were a bit more slimly 
built, but the limbs ttlU sprawled out at the sides in primitive 
fashion. Some of the more generalized types were rather lizard¬ 
like in appearance. Others, such os Dimefr^n and Edaphoamnis, 
were remarkably specialized. These odd forms (the former the 
most common carnivore of the Permian) had long spines growing 
out from the bock, supporting a tail-like flap of skin; whai 
function (if any) this structure served is quite unknown. 

TKatAFSiDR In the Karroo beds of South Africa, dating 
from the later Permian and Triassic, we find that the most 
common of animals were mammal-like reptiles presumably 
descended fr’om the pelycosaurs. Qose to the main line of 
evolutioo of the group and far along towards the manunalian 
cofvdition was CyttogMihus Cdog-Jaw’). This was, for sudi an 
early reptile, a rather lightly built and seemingly active four- 
footed carnivore, with a maximum length of four or five feet 
The skull was intermediate in type between that of a primitive 
reptile and a mammal; many of the bones absent in mammals 
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were here on their way towards reduction or were already Ion. 
A small third eye was still present on the top of the skull, but 
its opening w«s a tiny one. The brain cavity was still small, 
and the brain still presumably reptilian in type, tn the jaw all 
the original ekments woe slili present, but the dentary was 
far larger than the other bones. The old single condyle had 
been replaced by a double one. and in the roof of the mouth a 
secondary palate had developed, just as in manumls. The teeth, 
too, were approaching mammalian conditiom. There was already 
a differentiation into tndiors, canines, and cheek teeth. In the 


car there was still but a single auditory borw for sound trans- 
mbskxi. 

Markedly dtanged, too, were the limbe. These had already 
shifted far towards tMr foroandoft mammalian position, and 
the bones were already mudi modtAed to meet the new coO' 
ditions. In Cynogmu/ua and Hs dose allies the count of the toe 
joins was still (hat of primitive reptiles, but the joints which 
were destined to be lost were tiny, and in soma ot^ mammal- 
like forma the number bad been r^uced to that of mammals. 

Cynognaikia was thus a very advanced, mammal-like form in 
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mwt Of Itt skdcttl P«ris. But what of the other features of soft 
anatomy which are so importont io mammal dcvciopmciM? 
Were there animals already warm Wooded? Had they hair or 
realm'’ Did they nurre their youn$7 We cannot, of course, sive 
any positive answer to there questions. But the jeneral progress 
shown in the skelelon suggests simitar advances in other ropecu; 
the development of a secondary pntote. so uscftil in a warm- 
blooded animal, appear* significant. We aiWirarily group 
OwwwrJhrt as a reptile (we have to draw a line somewhere), 
but were he alive, he probably would seem to us an odd cross 
between a lizard and a dog. a transitional type between two 
great groups of backboned animals. 

Thcrt many varianis ainong Ih© i«afnmal*likc rcpcilas ai 
(here Karroo beds of South Africa. Some were still not far 
from the pclycosaur pattern: others were even more mammal- 
like in some respects than the dog-jawed rcplUc described 
above. Many were far off Hie main line, as, for eacample, the 
dicynodaii*. or two-tuskere. lumbering ptant-cating forms. 

There mammal-like fonm were the commonest of repiiJes 
during the later Permian and the eariy Triassic. But during the 
latter period occurred the development of the ruling reptiles. 
The archosaurs somi crowded the mamnwl-like reptiles out. and 
they disappeared at the end of this, the first period of the Age 
of Reptiles. They were, bbwever, destined to live on in their 
mammalian docendantt; for the first faint traces of mammals 
appear in rocks of tele Triassic age, and primitive mammds 
continued to be present throughout the Mesozoic as obscure 
contemporaries of the great dinosaurs. 

eOG'LAYINO UAMMALS 

A primitive stage in mammal development is that represented 
to-day by two curious Australian types, the duckbUI (Ofitliho- 
rhynehus) and the ^iny anteater (£fAii*io). These are very highly 
specialized creatures, leading specializied lives. Both are loothleas 
as adults (the young duckWlI has a few tooth rudimenu). The 
duckbill is a good swimmer, being mainly a stream dweller, 
but also a good digger, nesting in burrows in the banks. The 
absence of teeth is comsxnsated for by the development of a 
brood horny bill. ITic anteater is protected by a stout spiny 
covering comparable to that of the hedgehog: in rWaiion to 


rilB OmOIM OF UAMMAlS l>T 

IK aiMcaiins habiw <here are powerful digging Tect and • long 
ilim snou(. Both forms are certainly mammals, having fur and 
nursing ih«r young But there are many primitive reptilian 
features; the most conspicuous and mportaot K the fact that 
(hey still l«y egg* in repUlfain fashion! 

There animals thus represent the most prtmitivc, the most 
repiilian. stage in the development of mammals. It b unfortunate 
ihai they are to highly ^secialiad in their mode of life, for the 
cgg-ltying ancestors of higher mammtb certainly neither 
duckbilb nor anteaiers; and the lack of teeth (the most frequently 
preserved pam in fossil mammab) renders it difficult to compare 
(hem with estinct forms. It b probable, however, that mou of 
(he mammab of even Mesozoic days had already abandoned 
egg-laying habits and bore their young alive and that there 
curious living types have had a separate line of ancestry since 
the earliest (Triassic) days of mammalian history. 

The preservation to modem times of archaic animah of any 
sort b usually atttibuiaUe to isolation. An animal may attain 
holation geopairttically, or it may become isolated by taking 
up a mode of life in vihich there is link competition. Both facton 
have operated to save there odd mammab. Their node of life 
b extraordinary, in the proper sense of the tern: and in Australia 
they are in a regon in which the other mammab also are of a 
comparatively unprogreasive type. 

pRtMtTIVB MAMMALS OF THE AOB OF REFTILES 
With the exception of there egg-laying forms, all existing 
mammab bear their young alive; the egg b retained inside the 
mother's body, and thus given additional protection Bigger, if 
fevrer. offspring seems to have been the mammalian uemd - 
'quality, not quantity’. It a probable ihet thb stage had been 
attained by the characteristic mammal groups of the Jurassic and 
Cretaceous. These Mesozoic meramab, contemporaries of i1k 
great dinosaurs, are poorly knovm. For the length rf the Jurarak 
and Cretaceous, a period eatimatod at about sixty miDions of 
years, we know of mammab not one whole deeteton. and (until 
near the ciore of the Age of Reptiles) not even a compleie skull. 
Our knowledge of there forms b ^ined almost entirely from teeth 
and jaws, and even there are quite rare. 

Typical MesozoK mammab were, on the average, no bigger 
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than ■ rat or mouse and may have rese«nblcd these living forms 
in general appearance (although not in strurture). Their teeth 
««re sharp; they were seemingly fleslwatcrs in their tendencies, 
as had been their reptilian ancestors, but roost of (hem were 
too small to attack other vertebrates. Probably Insceu and 
vKirms were their main diet, eked out by buds, eggs, and whatever 
came to hand. Their brains, as far as can be toW. were still poor 
by modem mammalian standards but showed great improve¬ 
ment over there of reptiles. Presumably these forms were very 
inconspicuous in their habits, dwelling in wooded or bushy 
legions. There are suggestive features indicating a tree-dwelling 
life, and, as is the case with many mammals to-day, they may 
have been nocturnal. Inconspicuous and small they bad to 
remain, for. as contemporaries of the dinosaurs, the throat of 
death from the great carnivorous reptiles lay constantly over 

**Tut this long period of' trial and tribulation’ was not altogether 
disadvantageous. It was. It would seem, a period of training 
during which mammalian characters were being perfected, wits 
sharpened. As a result, when, at the close of the Creireeous, 
the great rtpliks finally died out and the world was left bare 
tor newer types of We. higher mammals prepared to uke 
the leading place in the evolutionary drama had already 
evoKed. 

TUB A06 OP MAMMALS 

In our study of mammals vra shall have much to say of the 
sequence of appearaisee of various tonni. To do this sati^ 
factorily. it b necessary to know something of the geologic 
time-iaMe of the Ccnoaoic era, the Age of Mammals. We may 
regard this era as including two periods. Tertiary and Quaternary, 
the last dwrt and reaching to modern times. There pwodi are 
subdivided to form some seven epochs, which are indieaicd on 
the accompanying table. In the older epochs the mammab were 
mainly of arohaic kinds, gradually giving place to the ancestors 
of the exbtiftg types. In the later epochs of the Tertiary there is 
considerable eviderce of a gradual cooling of the North Tem¬ 
perate regions. Tlas eooKng culminated in the Piebiooenc Ice 
Age In which portions of Europe and North America were 
several times covered with great glacbl sheets of ice. 


THE ORIOIN OF MAMMALS 


U> 


Subdivisions ot the Cenozoic Era or 
Age of MoRiinah 


mwat 

emd. 

CuMmM 

OVArtaxA** 

RCCMI 

use 

neWecM* 

« 


riwcim 

T 


MtDCXM 

•» 


OUaocoM 

M 


BectiM 

« 


flWOMtW 

a 


POUCHED MAMMALS 

In (he late Cretaceous beds we find that the evolution of mam* 
mb during the reign of (he dinosaurs had already resulted in 
the development of the two great living groups of mammals - 
the marsupiab and placentalL 

OPOSSUMS, or these two roup* the marsupiab, or pouched 
mammals, are the more primitive and wera (be more abundant 
in the last days of the dinosaurs. The living opossum is a typical 
marsupial and in habits and many structures seems to be very 
similar to the Mesozoic maimnaH. The nuinmai egg contains 
little yolk, and, when Am mammals began to bear their young 
alive, (here was no satisfactory mechanism by which the mother 
could supply nourishment to (be unborn young within her. In 
consequence, the young were bom at a very tiny and inunaUire 
stage of development In our own case premaiurely bora babka 
are reared in an incubator; the marsupials have evolved a 
substitute in the pouch, or marsupium, from which (he group 
lakm its name. The tiny, seemingly helpless marsupial ‘baby* 
envris up the mother's body and gains entrance to (he powh 
on the belly of (be mother. Here it Ands shelter and warmth; 
and here, too. are placed the mother's teats from which it pins 
nourishoKW to grow to a stage where it is ready to face the 
world. . 

There were numerous pouched mammals present m the last 
days of dinosaur supremacy, animats much like the living 
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ooosum in build bui nwinb' of much «nalkr ^ 

<Uwn of ihe Aae of Mamni.li «>* 

over ihe earth. la mo« regioo*. howcvw. they mwJe little 
protios. f« *hey ftxompanicd by hi^r rnwrunal 
wl^iraptdly euppUnted them. In two regiont, however, they 

'^OuI-'h I«»1CAN MA.SUFtAUA Th. 

America is now eonnceied with the rest of the world by only 
the narrow Isthmus of Panama. This cont^on «Pf«ri m 
have been broken at the dawn of the Age of N^tnals and did 
not reform untU a very late stage of Cenoauc h^ry. A number 
ofplaecnttls reached that continent and in its nobiiofl develop^ 
talo n*ny stran«e and curious hcrbivocous types consak.^ in 
later chaptere. None of the placental carnivore VP« *«h as 
^ and cau entered South America before the -Aenl 
down But opossums are omnivorous in their food _*•»** 

toma of their descendants developed in South America into 
ftoh-catcrs patalldlng the wotves end catt of other conUiwus. 
JTthe PWMoeene, however. North Amcncan «)ruiei^ 
became reestablished, placental flesh-eaten pou^ in. end he 
carnivorous marsupials disappeated. kaviog there only the 
opossums and a few other smell pouched m^mals. 
^^RALIAH MARSuriAta In Australia the pouc^ t^ 
mils had their one great opportunuy. That coounent is isolated 
!SSy. and seems to hsve been isoUted siiKt the Cietao^ 
^Sbed rnammeh had entered Australia before its isotou.^ 
but oot a singk Mgh mammal of any sort, and until 
w, land mammaU had entered since (except. ^ **^1^ 

some rau. whkh seem to have gradually worked Uw way dow 
ihe East Ii>d«). There was a whole continent 
mersupiab to (literally) spread themselves «; 
developed into a curiou* and interesting 
of which in many ways have paralleled groups of higher roam- 
■nail which w«re evolved in the ether continental areas. 

^^^which seem* to Ik at tfie base of the A«iral«n 

evolutionary actay. » « arboreal animal *5*'« 

diet. From such a form we might haw - and have * A«^ 

irmlian evolutionary lines leading in b^ 

herbivorous direction*. Some small Ausiraluin marsupials whs* 

are still arboreal but have started a carnivorous career are 
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Motetimcs termed native 'cats': farther alocf in thb evolu¬ 
tionary line is the Tasmanko devil, a powerful woiverioe-like 
ae^<aier, and the Tasmanian 'wolf, vety wolflike in appearance 
and habits but a pood pouched type quite unrdated to the woivee. 
Side brandies of ihh stock have resulted in the evohilion of a 
anlcaier comparable to ptaoental forms and a ‘mole* 
which in abnou every deuil is a dupiicaie of the poldcn mole of 
South Africa, a true placental mammal 

On the other hand, the primitive opossuni type has given rise 
in Australia to many herbivorous forms. The centre stock of 
these are the fdiaiangera. often called native squirrels. Their 
habiu and appearance are quite squirrddike, and there are 
even pouched ‘flyrng squiiieb* as an extreme example of 
parallelism. Other herbivorous form include the koala, or 
native 'bear', which does look rather like a Teddy bear, and the 
wxMnbti. a woodchuck-ltke animal. A peculiar deveiopmcnl is 
that which bos resulted in the kan^ r oos. ground-dweiling 
herbivores which have gained speed not by the evolution of 
hoods (as in the larger herbivorous plaocnuds) but by the taking- 
tq> of a hopping gait- 

We know little of the foesil bistoiy of these living AustraJiao 
animab except that in the Pleistocene there were a numbo- of 
larger fwms, now extinct, rebKd to the living marsupials of that 
continent. These included giant kangaroos and giant wombats 
grown to the size of a rhinocoroi. 

This interesting Australian devdopment was pouible only 
of the isolatjon of these rather primitive mammals; 
and with the breaking of iWs IsolatioQ by the arrival of inaa. 
the Australian fauna seems on the road to extinction. Besides 
the inroads made by the fur trade, the introduction by man 
of other animals has done immense harm. Dogs and cau have 
found the narsupial an easy prey; and the introduction of the 
rabbit has proved a calamity both to man and lo the native 
animals. 

PaiMITIVB PLACBMTALS 

Beyond the conditions found in tbe marsupials, there is one 
final stage in the general lioe of mammalian ascent whidt was 
still necessary to bring them to their highest development - the 
evolution of primitive placentak. 
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DEVBLOrMENT OF THE FLACBMTA. W« haVC ItOled IhBt B 
flaw in the process of bearing the young alive lay in the fbet that 
the young, when boiti, weie very itny and helpless, owing to 
lack of sufAcient means of nourhhmcnt before birth. The 
marsupial pouch has been fairly eTTective in filling this want. 
But the other mamnials have done a better job. One of the 
membranes (the allantois) which surrounded the developing egg 
of the reptile ancestors has in higher manunab conw into 
contact with the watte of the uterus in which the developing 
embryo lies (cf. ^ 3W>. Throu^ the walls of this fused area, 
the placenta, food, and oxygen ate eanied from the mother to 
the embryo and permit it to grow to a far hi^ stage before 
birth than was otherwise poraiWe. With a long period of develop- 
ment before birth and a long period of protection and training 
after birth, the placenul mammal can slowly mature itt com¬ 
plicated roechanbna In brain and body. It can, as a result, 
function more effkacotly as an adult than lower forms in which, 
so to speak, the body has of necessity to be somewhat hastily 
thrown together. 

The hitter mammalian groups evolved an emcient placenta at 
a very oriy time; presumably much of their succest has been 
due to tbeir developrocnt of this useful reproductive mechanism. 
Bui they had no ’patent’ on this structure; and, while most 
marsupUb have no ptooeata or a very IneBicimt one. one 
Australian genus has ftnally achieved a placental structure vwy 
similar to that of hi^ mammals. However, this development 
in marsupiata has been loo slow to do Uie group much go<^; 
it b too late for the pouched mammals to try to compete with 
tbeir true placental cousins with which we arc concerned from 

now onwards. . 

iNSECTivoais. The tncesiral placeniab were seemingly, lilu 
the majority of the smaU earty mammals, rather general to 
their food habitt but primarily insecl-eatm. Among the 
mammab there are still a few forms, mainly rather imaU a^ 
inconspicuous, which haw retained such feeding habtu to ihb 
day and seem on the whole to have departed least from the 
primitive placeotal stock. The more famUiU u^vores w 
the mole and hedgehog; we have here, as in the case of to 
egg-laying mammab, an example of the pcrsbtence of pnrmtive 
animab due to an belated and specitliied mode of Itfo. 



THE ORIOIN OR MAMHAIrS 

A fno(« eenenlized type it that of the 
threws - small creatures. n>ouse>til:e in 
appearance. These are not uncommon but 
are unfanutiar to most of us because of 
thdr small site and shy habits - features in 
which they presumably are similar to thdr 
ancient Mesozoic ancestors. The shrews 
inchtde the smallest of mammals, one species 
welshing no more than a ten-ceni piece. 

They are eairemely nervous little creatures, 
almost iiKCSsancly active. Correlated with 
this and owing in great measure to the 
fact that their small size resulu in a telativeiy 
hi^ loss of heat through the skin, shrews 
eat voraciously to obtain food with which 
to stoke the fbrnaces of their bodies. A 
typical shrew will eat its own weight in food 
daily. 

Ctf especial interest is a modest group of 
inseciivores from the Old World tro|^ 
the tree shrews. Ahhough (he trees were 
probably the aiKestral home of placental 
mammals, most inseciivores have tunwd 
towards terrestrial or even subtenanean 
inodes of life; the tree shrews alone are 
persistently arboreal. Apart from their 
retention of this primitive habitat, (he tree 
shrews are important in that they appear 
to represent (be primitive stock from which sprang the primaiCB. 
Despite the fact that their appearance shows no indicaiion of 
relationship to monkeys, apes, or men, many points in tree-shicw 
anaton^ show significant primate rescmUances. 

The oldest of insect-eating placcoiab have been discovered 
but recently in Mongolia in tte shape of a few tiny skulb of 
anlmab oootemporaiy with the late Cretaceous dincuurs. Thb 
Anal stage in mammal evolution had been reached towards the 
end of the long Mesozoic '(raining period'. When (he Age of 
Reptiles had closed and the dinosaurs had vanished, these 
eftident ptacenlab were fully prepared to take over the world, 
and (heir spread was rapid. During tlie Pakooene, Arst of 
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Tcftiaiy epochs, there wts i speedy dilTerentiation from the 
pnmUive small irwct-eaiefs imp a variety o( divene evolutioiiary 
linca and a strong tendency for lncR*« ia size. By the Eocene 
the main lino of mammaUan pvohitionary htuory had been 
esublithed. Few of the original inseet-eaters have sarvived; 
but all the great array of living higher mammals, from men lo 
whales, from hones to rats, have come ftom this iinectiv«v 
nock. 



CHAPTER 10 


Flesh-Eating Mammals 

Wt may reasonaUy bcftn our discussion of the otore hi|hly 
evolved majivnab. the placenub, hy siving a brief history of 
the camivons, the flesh<«aters. 'Hw earty mamnaJs were nuinfy 
iflsectivores, forms which presumably ate a bit of this and that 
but subsisted mainly upon insecu and worms. This is flesh* 
eating of a sort; and it needed only an increase in size before 
some of the descendants of the insect-eating manunab were 
capable of preying upon their venebrate relatives and became 
carnivorous successors of the fksh-caling thetapskis and 
dinosaurs. 


CARNIVOROUS ADAPTATIONS 
rtSTH. The nwoor dwnges which have been brought about 
m manunals of carnivorous habits are conoerned with the teeth. 
The carnivore has to make its kill mainly with its teeth and has 
to prerca stout hide, cut tough tendons and hard bones. On the 
oilw hand, flesh is comparatively simple to digeu and need 
not be wcU chewed. We find, in relation to this, that in the 
more striclly flesh-eating forms grinding molar teeth have been 
reduced almost to the vanishing-point. A cat, for example, has 
no chewing power whatever. Dogs and their kin, adhering lees 
strictly to a carnivorous diet, have kept all their molan except 
one upper pair and have retained some grinding aurface in ih^ 
cheek teeth: the bears have veered sharply away from the 
flesh-eating babtu of their anceston and have re-developed 
considerable chewing powers. 

The front pari of the dentition b highly developed. The 
incisors are highly useful in biting and tearing; the canines, or 
'dog-teeth’, are long and pointed stabbing weapons in all 
fieah-eaters. Such cheek teeth as are left generally have sharp 
ridges and pointed cusps rather than flat surfaces. In all typical 
^carnivores there hat developed on either side of the jaw a very 
specialized pair of teeth called 'camastiab', which function in 
an important way in cutting hard pieces of food (nottoe. eg. 
bow (be house cat works a bone around to the side of the 
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moutb to crack h). Oin of the upper teeth (the last prenM}tar in 
Uvins fonns) and the lower tooth behind it become very large 
and much elongated, with a sharp rore4nd>afl ridge. The two 
teeth do not meet directly In a straight chopping motion but 
pass each other, the upper tooth to the outsttle, acting as a pair 
of shears which can crack and slice very tough maierisb. 



sxtLtTON. Bui while the teeth are much modified m carni* 
vores, the skeleton of the trunk and limbs is generally rather 
prindtive In pattern. A carnivore must be speedy to catch its 
prey. Bui k cannot develop the rigid skeleton or the hoofed 
cor^iiion with a reduction in toes which we lind in the large 
berbivorca discussed in the following chapters. It must remain 
supple and retain its claws in order to attack and grapple with 
its pr^. There are wcll-devdoped claws in all typical carnivores, 
and. except for a frequent loss of (he 'thumb* and btg toe, tbe 
toea are all retained 
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ARCHAIC FLESH-BATBRS 

Cftmivoras needed only, Tor their ince^ioa. to have some of 
their ptooenul cousins develop Into harniless herbivorous types 
upon which they might ptv/. The development of sudi herbivores, 
psrticuUrly the Brchaic ungulates, b^n promptly with the 
extinction of the dinotaun. 

In (he Paioooene. ftitt of 
the Tertiary periods, there 
Just as promptly b^an the 
devolopmeni of carnivores, 
to whi^ they fell a prey. 

Seme of the early eaml- 
vores were almost indis- 
tingubhable from the 
■ncesiral insectivores from 
which they were being 
dMTerentiatod. But quite 
rapidly (he oU camivoret 
spread out into a number 
cf types with diwgent 
adaptaiioRs. The varimrs 
Itesh-eating forms which 
were dominani la the first 
two epochs of the Tertiary 
(the Paieocene and Eocene) 
are often grouped as archaic 
carnivores, or creodorus, 
now entirely extinct. In 
almost all of them shearing 
camassial teeth were de¬ 
veloped, atlhou^ the pair 
of cheek teeth sdected for 
this use varied. The brain was usuaUy small, and presumably the 
mietligence w« nothing to boast of: but this mattered little, for 
the archaic berbivorra which formed the mam supte in their dits 
were equally feeble in brain devdopmenL In most of these oM 
carnivores the body was king but the limbs short and the speei 
consequently slight; but, again, the older hoofed animals were 
also oomparaifvely slow of gait. 
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Some of the uraller craodonts scan to have been comparable 
to modem weaeeh in thetr habiu; othen were more wolf- or 
Ikmhke. The range in sise was great. Among the large mentben 
of the old Slock may be mentioned Hyaenodon (with stout, 
hyena-like leeth). whi^ survived until the QHgoocne and may 
have preyed upon the great titaoolherea. A contemporary 
Mongduin carnivore had a skull a yard long: this beast was 
the largest flcsh-cater that land mammals have ever produced. 

MOOiRN TgRReSTRIAL CARNtVORSS 
The cod of the Eoceoe and the begmning of the Oligocene law 
the downfall of the aRhaic creodonts and tbeir replacement by 
more modem flesh-eaters, the fissjpedes, ancestral to (be dogs, 
cats, bears, and other living types. fThe name 'split feet' is 
to distinguish them from the web-footed sea carnivores.) 

ipiEo AND aaAiNi. If we seek for the cause of this revo¬ 
lution in the flesh-eaten, wc naturally turn to an examination 
of the history of the herbivores forming their food supply. 
Here we find that at about the beginning of the Oligocene then 
was a similar overturn of stocks. The archaic ungulates and the 
more clumsy odd-toed types (such as thanotheres) were pasini 
out of existence and being replaced by speedier, hoofed mammah 
wSuch would have been able to elude many of the rather slow 
creodonts which had previously abounded. Then, too. the older 
im piiR i e s were small-brained forms; their stweess or s seem lo 
have tended towards larser brain development and greater 
intelligence. This latter feature may perhaps be the real due to 
the downfaP of the creodonts. It takes brains to staik a prey; 
if the would-be eater is more stupid than his potential dinner, 
his chances are poor. Among all the creodonis there was only 
one comparatively Inecnspicuout Eoceite group (msacids) in 
which a good brain was developing: it it from this one stock 
that all later flesh-eaicrs have arisen. 

AN BARLY rissiPSOR. Typkal of (he early mesnben of the 
modem carnivores which appeared at the end of the Eocene 
and banning of the Oligocene was the little Cyitodkiis, about 
the tuse of a weasd or a toy fox terrier. This ‘dog-weasel’ is 
usually regarded as the ancestor of the later dogs. This may 
weli be correct; but Cynodkiis was little tpedaliied in any 
particular direction and may have been cloee to the starting- 
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Doifit of til the later carnivore linee. The body waa long, the 
^ rather ihort. a* b iliD the eaie wWi auch rypee as the 
^boreal w»sdj or civett. Thb tutcots that the ancestors of 
inodtfn camhrores had been tree dwellen to start with. In brain 
tiie CywMficfir was inoeh beiier off proportionately then any 
Cfeodont; this increase in inieUi*ence may have been (as we 
^,11 foa much more markedly in the ease of our own ancestors) 
developed in fetation to the oomptaiiles of arboreal lifa 
Ifl the Oligocene the differentiation of the modem amivore 
families hid already begun. Living, land flesh.eat«s are divided 
by technical characters into two main groups: one inctuding 
Svets. hyenas, cats, and their rdaiives; the other group the 
dogs, raccoons, bears, weasels, and thdr kin. 

civBTS. In the first group the cats are the most famibsr 
foma. but the dvet family, mchiding the moogooee, genets, 
and meny other small Old World ftesh-eaiars. is much dow 
to the bask stock. These troptcel animah have never reached 
America. They are lUU arboreal Itt habits, with the short limbs 
■od small si» of their early ancestors; they occupy, roughly, 
in the uopics the place taken by the weasels sr*d their kin ia 
the North Temperate Zone. Madagascar appears to have been 
early separated from the continem of Africa, artd, of carnivores, 
it hat been populated only by the dvet group. 

hysnas. Likewise an exclusively OW World family are the 
hyenas. These are large and repulsive scavengers, with stool 
teeth capable of dealing with the leavings of their more delicate 
carnivorous cousins; they are abo not averse to a Wi of grave- 
robbing. Th^ have developed at a compiialively late tine from 

the civets. ^ 

CATS. Moc* older in origin are the Mds. the cats, whi« 
wen already prontineni in early Oligocene days. These are um 
most purely catnivofoui of carnivores: behind their eamasebb 
there b scarcely a trace of molar teeth; a cat b aWy equippra 
for stabbing, biting, and sbdng; for chewing it b not equipp« 
at ail. Rather in contrast to the dogs, which often run tto 
pny down and hunt in packs, the cat b a crafty individual^ 
The agib body b incapable of tusiainiog speedy running for 
tong distances; stalking and a sudden jump oa the prey b the 
cat method. The elawi ate highly developed as a laeful aid. 
Modem catt are of many kinita: the doroestb pussy, vanous 



t«0 


MAN AND THK VR1 


wild cats. lion, (iser, and w on. (Beware, by ihe way. (he thriliiag 
jungle picture which ihows both liont ai^ tigen. That pkuire 
was made in Hollywood, and (he animals came from (be zoo, 
for (here are no tigers in Africa, and lions are almost extinct 
fa) Asia.) These variotn cats look quite differeni tuperftctally; 
but under their skins they are very similar to one another; it 
is pracUcally impossible, for example, to tell a tion’s skull from 
that of a tiger. Oor dornesde cat is probably one of the latest 
additions to man’s anhnal entourage, deriv^ from an African 
wildcat almost identical fai appearance with a striped alley tom. 

SAiatTOOTHa Quite shar^ marked off from the ordinary 
members of the cat family were the sabre-toothed can, now 
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entirely extinct, but formerly widespread. Smihdon, a Pleistocene 
fonn, was a common inhabitant of the U.S.A. until fairty 
recent times, geologically speaking, lu skeleton is to be found ie 
every respectable museum, for cxctediogly numerous remsios 
have been found at the Rancho la Brea piu in California. At 
this place in the suburbs of Los Angeles there were, during a 
late stage of the Pieistoceae, pools to which animab of the 
region came to drink. Beneath the surface were deposits of soft 
tar. Any unwary animal that stuped in it was uapped. The 
presence of struggling animab brought, in search of food, 
numerous flesh-eaters, ootaMy sabretootltt and an extinct wolf 
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IYT>C ind ■ PM* vulture, "ntew freqiumly 

in ihdr turn. In rcecnl decaJe* J»r»e quindtire of 
tkdetora h»ve been encevned from the now hardened ttr. 

SmUodon wa* « powerful animal u Jarpe as a ligcr. But there 
were meior difference* from the ordinary feKne*. The lower 
canine teeth were small; the uw*r one*, on the contrary, were 
eaceedin^ Ion*, curved sabres, capable of inflicling a deep 
■tashlng wound. Tlse lower iaw was so ariiculaied that it could 
be dropped at a riahi angle to clear the sabres; and the *^ 
of the skull mdkate* the poeKsskm of strong rauteto to stuien 
the head during the lubbing and slWrii siroke of the upper 

canines. , . 

It seem* probable that this sabretooth developmeot was an 
adaptation which fitted these old eat* for dealing wkh thick, 
skinned animals such as proboscidian*. The ordinary carnnore 
usually tries for a quick kiU - a bile into a viiaJ structure, ThsS. 
however is olmou impoesible in an anknal with a thick hide. 
But long sloshes of these sabres would make profusely bleeding 
wounds, followed eventually by death. The sabretooth played 
■ waitiftg game, it would seem. 

Tk extinction of these animals Is very potsibly due to the 
pnctica) extinction of the large ihkkHkinned animals which 
my have fortned their prey. In the Pkistoeene. for example. 
Usere were fota large and eominon fw^oboeadians in North 
America as well as numeroue large ground sloths. To-day all 
are exiincL It may be that the mastodons - primilive elephant- 
like forms - were an especial favourite of ihoe creatures, for 
both SmUodorn and mastodon survived to the end of the Pleisto¬ 
cene In Amerwi. but both disappeared much earlier n Europe. 

WBAsets. The second great group of modem land camrvorea 
b that of the dogs, raccoons, bears, weasels, and related type*. 
Among these forms members of the weasd CamUy are cloteu 
to the original fisslpedea in a number of respect*, such as tbeir 
frequent persistence in an arboreal life and ihoir usual trail 
•ire and short-legged build. These fonra are the north-tenjpereie 
ptnUM to the tropical cfvett. Weasels, tnartem. and fishers are 
daracteristk of purely eamivoreus fonm, Nit there b a oot»- 
sidereble amount of variation in the family. The skunks are 
•omewhai lea carnivorous in habit* and have a rather wx^ 
diet. The wtrfvreine and the badger* are large memben of the 
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group. The otter hu Ukken up a ft&h>«atifig mode of life ia the 
screams, and tho related wa otter has become a good martoe 
type, poraUciiftg the seals la its adaptaiions. 

POOL The dogs, wolves, and foxes and Ihetr relatives form 
a second family of this group. They are mainly plains<lwelliftg. 
pack-hunting animals, capable of rapid locomotion for long 
distatwes. They are coniidmbty less purely carnivorous in their 
adaptaiiom than the majority of their weasel relatives; they 
have, for example, retained two of their three upper molars 
and have a fair degree of chewing ability. The remains of i^aios 
aninsaJs are comparatively abundant, uk) hcsMC our history of 
fossil dogs is relatively full, from the small Oligocenc ancestral 
typos down to those of to-day. There have been many tide 
branches developed from the dog stock, such as exiinci hyena- 
like and bearlike forms. There are numerous doglike forms in 
the tropia. In the North Tempcraie regions we have, however, 
only two types of foxes (red and grey) and the wolf, with the 
addition, in America, of the coyote. The origin of the domestic 
dog has been in dispute. Some have claimed the jackal as a 
progenitor, but the wolf appears to be closely related to the 
ancestor, if not the ancestor itself. 

aACCOONB. The raccoons, together with a few relativea, 
almost all of them American animals, appear lo be quite closely 
related to the dogs and descended from early members of that 
family. These likeable Utile animals have persistently kept to 
the arboreal habitat of their early ancestors. They have in 
addition departed fXtnher from a carnivorous mode of life; 
one evidence of thb is (he fact that (he shearing teah can no 
longer shear; they have been modiAed into chewing teeth like 
the molars behind (hero. The true panda and the giant panda 
arc the two Old World representatives of this group. These 
are forms of relatrvdy large si» which have tended to come 
down from the trees. 

asAts. A Qnal stage m the trend away from a carnivorous 
mode of life is teen in the bean, also members of the dog group 
of camivores. These foniu, which itKhide the largest of Uving 
land carnivotes, have in general a mixed diet; the polar bear, 
in a land when there is (iiite to eat except fish, is the only 
pure carnivore in the fiunily. The last molar tooth had. it would 
seem, already vaoisbed before the bean drifted bock towards a 
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berbivorow type of diet, end teeth, like other structural reaturea 
gcoeraUy. when once tone never reappear. But in bears the 
lack of a hill set of back teeth has been inade up for by the 
treat eJonsst^n of the two molars which are left > the two do 
Um work of three. In the Miocene there were several large aisd 
rather heavily built dog types which seem to be iiuermediaie 
between dogs and bears in structure. 

Apart from the p^ar bear and a few tropica] fornn, the 
modem bears bek>ng to ttm groups - that of the black bears 
and that including the brown and grizzly bears. In the second 
mtegot> is a large cave bear, which is found aa a fossil in Ice 
Age caves in Europe, and the giant Kadiak bears of Alaska. 

AQUATIC CAaNivoaaa A Snal group ofcamrvDfes is that 
of Use purely marine typet, the pinnipeds, including the venous 
seals and the walrus. Then are ftsh*feediog forms <excepi for 
the walrxis. a mol>uac<ater) whicb very probably have descended 
from some primitive dog stock; their fossil histocy it poorly 
known. A curious feature b that the tail had seemit^y become 
(oo feeble a sctuatire in their land ancMion for It to resume 
a rudder funciioa The hind kgs (reduced In other marine 
maounab) have remained large and have turned back as a 
subetiiuie for the misting tail 

The scab come ashore but, for the most pan. only at the 
breeding season. The peculiar structure of the limbs rendcis 
t Ki»m practically hdphai and a prey to any large predatory 
animal, such as man. We are not, technkal^, camivom our* 
selves. But as destroycn of life, not only the lives of other 
animab. but thoee of our own kind, we are unqueatioiiably 
without a peer in the animal kbgdoin. 


CHAPTER li 


Hoofed Mammals 

Quite in contmi to Uw carnivores just dacutsed are the hoofed 
mammals, or ungulates, of which several groups will be con* 
sidered in the present chapter. By this term may be designated 
almost all the larger herbivorous mammals. The name, however, 
is not entirely a distinctive one, for while typical ungulates, such 
as the horse and cow, have hoofs, the ungrate orders include a 
number of animals with well-developed claws and even such 
types as the purely aquatic sen cows. Nor do the ungutatea form 
a single natural group, for the hoofed condition has unioubledly 
been attained independently by various lines; and, strange as 
It may seem, a cow is. for exampto, probably as closely relaicd 
to a lion as to a horse. 

UNOULATB STRUCTURES 

Despite the a/tifleial nature of the ungulate assemblage, there 
are ceruin structural changes which have generally happened 
in the iransrormaiion of a primitive mammal of whatsoever 
group into a large herbivore > changes having chiefly to do 
with teeth and limbs. 

TSETH. The sharp, poinied cheek teeth of primitive mammals 
were unfitted for a purely vegetable diet and svere not suiuMe 
or^ns for undertaking the tborou^ chewing u4iich leaves, 
grain, or grass must undergo before passing into the stomadL 
In relation to this we find that in ungulates the cheek teeth 
have icnenlly tcisded to become much enlarged and to develop 
a flattened finding surface. In large forms, and especially in 
animals (as, e.g.. horses and cattle) which eat hii^ly abrasive 
material such as grass, the demands for increased grinding 
surface on the teeth are very great. In correlation with this the 
molars of many ungulates become hi^-crowned. the originally 
low cusps rbing to a great height above the roots but bound 
together inio a solid mass by a covering of cement, a material 
confined (o the roots of the teeth in ordinary mammals. 

UMis. In most ungulates there Is developed a fast type of 
locomotion. Speed is necessary for there harmless forms if they 
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»re to escspe ftestMstlnf enemies, snd kng-dituncc itmmporu- 
tion h essential ter many ungutstei *Wcb range from season 
to over different feeding grounds. In primitive nuiwnab 

the skeleton was a flexible ooe; in ungulates the joinu «f the 
various bones are »o constructed as to be extremely dlkienl 
for stralghuway forward motion but very poorly adapted for 
any w hf types of movement (we all know, for example, how 
difflculi it is for a horse to regain its feet after it has fallen in 
an unaecuiiomed position on a slippery pavemesM). In running 
typea the lint joints of the limbs (humena and femur) ate short, 
giving a fast muscular drive, and the second segments long, 
swinging fort and aft over a wide angle. In addition, the bones 
which lie in the palm and sole are much elonipiied, and by thus 
ninniftg on its toce the animal adds a third functional sepnenl 
to the limb. With further deveiopmeiu of speed the Coes theot- 
•elves are lifted until the snimaJ touches the ground only with 
their tips. With the result of siiainini soW stance, hoofc are 
developed. A herbivore lo gancral no lottgar needs cUwi, and 
these homy structures become short and broad snd surround 


(be end joint of each toe. . - i. 

With the lifting of the feet into the ungulate position. It IS 
obvious that there will be a tendency for the short side toes to 
feil to reach the ground and cease to function. In many ungulate 
groups these aide toes are reduced and the central ones streng¬ 
thened The ‘thumb' snd big loe, which were short and prirah 
Uvely divert from the others, have usually disappear^early 
in ungulatm. Beyond this we And, as we ihtU see, two ddfercnl 
types of toe reduction in hoofed mammals - one In wWch the 
axis of iho foot Ilea throu^ the middle toe, leading to the 
development of three- snd one-toed iyp« such as the hor^ 
and rhinoceroses; a second in w4tich lhc.axii Iks betweao ^ 
third and fourth toes, kading to the developtnem of t^loed. 
•doven-hoofed* types nidi as the pigs, dea. and cattle. 

The type of limb iiructure just described b that found tomost 
small- or mediutn-eized ungulates. In large forms, sum « 
elephants, a different Krka of problems is encounwed. and the 
hmb coostnwioa for the support of a heavy weight a quite a 
diffemit ooc. The limbs are comparatively shor^ siraigbi. M 
ihkk' the thigh is long, the shin short. The foot is broad; there 
b little tendency to loss of toe*; theee ere short and stumpy 
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aod u»i»lly have a pad beneath them, forming a (tout terminus 
for the pillar of the limb. 

Speed is, of course, the best defence a harmless herbivore has 
against a carnivore. But. in addition, we find defensive weapons 
in many ungulate types. Some hoofed mammals, such as the 
swine or tome of the small deerUke forms, have largo slabbing 
canine teeth. Much more common, however, is the dcvelopmenl 
of hom<Uke structures of one sort or another. 

BARLY UNOULATBS 

coNDVLAaTHt. Hoofed mammals are unknown during the 
Age of Reptiles but made their appearance in considerable 
numbers even in the Paleocene, earliest of Tertiary epochs. 
Fairly representative of an early stage in ungulate history is 
PheMcodus of the Lower Eocene of North America and 
Europe. This animal reached a sin rather eoniiderabto for the 
lime, the Urgost species atulning the dimentioot of a tapir. In 
getveraJ appearance it resembled some of the early eamivores, 
for the body and tail were tong and the limbs fairly short and 
primitive in structure. There are. however, good signs that 
this form was already on the road towards higher ungulate 
conditions, for not only were the cheek teeth expanded for the 
chewing of vegetable food, but in the feet, while allthe toes were 
still present, each toe was capped by a small hoof. 

■This interesting form was once believed by some to be the 
actual ancestor of many of the later hoofed mammals. This 
cannot be the case, for It to a bit too late in tinoe (it was a coo* 
icmporaiy, e.g.. of the early horees) and was also somewhat too 
large to fit into the early ancestral suges of most later lines. 
But probably its smaller and more poorly known Paleocene 
reiaiives of Ibe order Condylarthra were close to the stem of 
some of the later great unguUte groups. 

iriNTATKBags. In many lines of nutmmalian development we 
may contrast 'aicbaic’ and ’modemaed* types. Thus, among 
carnivores, we have seen the development of archaic forms, 
the creodonii, which flourished, rapidly reached In many c^ 
a wy Urge sixe. and then disappeared quickly when placed in 
competition with other forma of more progressive structure. 
So among ungulates we find archaic and progressive fom^ 
Most among the archaic hoofed mammaU were the 
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ulnttibow (order Dinoocnu). Thcw weft ehinwttnsiJc of the 
psJeooene end Eoceoe. Br the end of the latter period some of 
them reached the ate of an ckphanL TImk heavy types were 
not boih for speed; the limbs were powerful, ekphant-like 
columns; all the toes were retained to brace a presumably 
padded foot It to probable that the uintatheres were swamp 
dwelkta; but even to they needed protection against the larger 
contmporary Aah^ters. Large upper canine uislcs were de- 
wktped as weapons at an early date, and In addition three pairs 
of hornlike siructuras proje^ fhxa the top of the head 
Uioiaiheret were exceedingly tmalMMuned types, and thesr 
tooth construction also was toe poor to stand anytiung but 
the toflest of food. With the end of the Eocene this line became 

extinct. OOO-XOBO ONOULATM 

In the Eocene more progreesive ungulata were already well 
lUrted on their eareeri. Mott prominent of ungulstca from the 
Eocttw on were two groups - the pertosodsmyls. or odd-tood 
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and the lutiodactyls, the dovcti-hoofed or even-toed 
types; thm will be treated in (urn. 

TOB RBDUCTION IH ODD-TOID FORMS. The pCfiSSOdactyls 
inchide. among living hoofed nununalt, the horses and tbetr 
zebra and ass relatives, the rhinoceroses, and the tapirs. In 
addition there were two interesting extinct families, the litano- 
iheres and chalicotherea. Characieristic of this group is a type of 
foot ^metry with tite axis through the middle too and a 
tendency to reduce the toes from five to four or three and, 
finally, in horses, to one. In order to see how this type of toe 
reduction has worked out. try the experiment of placing your 
band on a table in the fiat position of the primitive mammal. 
Raise the wrist up off the ubio and the hand Is in the position 
of a primitive hoofed mamnal walking on its toes. As this is 
it is obvious that the thumb soon ceases to touch, if this 
were lost, your hand would be in the four-fingered condiitoo 
seen in the fironi foot of the dawn horses or the living tapir. 
Raise the hand a. bit more, and the little finger censea to touch. 
An analogout ihr«c>ioed stage is characteristic of most fossil 
horsm and is still present in the rhinoceroses. And. finally, 
getting the hand straight up from (he table, only the middle 
finger loucbca. You have thus in a brief space of lime repeated 
the ceseniiata of the story of limb evolution in the horses from 
five toes to a oneMoed condi¬ 
tion 

KORSCS. the oldest oi 
horses. EiMppta, (be dawn 
horse, appears at the beginning 
of the Eioccne epoch; frequent 
roiuins of this liny horse, no 
larger than a fox terrier, are 
found in deposits of that date 
in the western U.SA. This 
form was already a tiimly built 
little fellow with quite long kgs; 
but while toe reduction had 
already begun, there were still 
four toes in front and three 
behind. The cheek teeth of 
the dawn horse were still 
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low^rowned tod inc»p«bto 
qF C(^inf with much h«rd 
food; presumably he dwdt 
in the forest*, existing u a 
bttywaer rather than as a gtat- 
big type. Eokippta seam 
•urely the beginning of the 
borae line, but is probably 
cioae to the stock from which 
have come the other odd¬ 
toed ungulaccs as well. 

MrsoMppstf. a typical Ob- 
fooene horae, was bigger, ibe 
size of a collie or larger. The 
•little finger’ had been lest, 
multing in a count of ihiee 
loea on all the fee*. By the 

Miocene the main Uneofhorae 

evolution, leading to such 
forma as Farahtp^ and 
Mrryekippia. was acquiring 
high-crowned teeth, suggest- 
ii 4 a grass die* and a change 
to plains life. Thi* Is al*® 
borne out by the feet. In which 
the two side toes, although 
still present, were becoming 
sUm and short and probably 
(Ud not normally coudt the 
ground. A single toe Is not well 

and other forms which survived into the 

oony and UghUy built, Ihst-ruimirtg types. Hon« hed 

in the Old World to begin with, but by the Pliocene. HlppcHoit 

SSSSe toe. moded to dis.pp««. by the b^-T 
S Ice Age horses of modem type, with but one complete toe. 

vweprtsentoneverycontinentexoept Ausirala. _ 

In World there developod not only true hones bo 
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the doidy related aebras 
and assea. To-day the «ntd 
progenjion of the dom¬ 
estic hone* are repreaentcd 
by only a rare» ahacgy. 
maned, pony-like form 
(PrezwaUiu*i hone) from 
(he steppes of Cenlral Alia. 
Hones were hunted u 
food by our Stone Ape 
anceeton, but the oldest 
records of domeslicated 
forms cannot bo traced 
beyond the third millen¬ 
nium before Christ 
America was (he cradle 
of (he hofM family, and 
native horaes were present there throughout the Pteiuocene loe 
Age. Subsequent to the last retreat of the ioe, however, they be¬ 
came entirely extinct there. The hones are only oim of a number 
of large anumla which lived in America at, geologically, a recent 
perlodandhavetince vanished from the continent. Besides horses, 
ground sloths, glyptodonu, ^nt armadillos, cemek, msstoJons, 
and mamoMths all Uihablted the United States not so many 
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thousands of yean ago. What caused this mass extinction of 
large American animals (while not touching the smaller forms) we 
doiwtknow. 

TAPias. A much less prominent group of odd-toed ungulates 
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it that of the tapirs. To-day thdr only tivioc reptetenuii*«s art 
confined to the tropics of South Anserica aod the Malay region, 
la the Tertiary th^ inhabiied Nmih America tad Europe; the 
cold of the Pteinocene appears to have been retponaible for 
iheir extertninaiion in ihM rtorthem latitudes. The tapirs, 
except for their somewhat terser toe ax>d stockier build and 
the development of a pendant snout, are in many reapoas quite 
dote to the anoettral horse types. Like the earliest horses, the 
living upirs have four toes ia the front feet and three behind; 
tike them, the teeth are iow-crowned; and the tapirs to-day are 
persistently forest dwelien. These forms have dqtaned least of 
all the odd-toed ungulates from the primitive stock of the order. 

KHiNOcaaosta The rtunoccrosn of the OM World uepiei 
are the living remnants of a onoonmportant group of odd-uxd 
hoofed mamnuh. They are larte, ungainly, threotocd creatures 
with one or two boms on the top of their tons In* skulls. Thtae 
horns are of a peculiar ilructure. They coailst not of true horn 
or bone but of a bundle of hairs ‘ghied' tofsthcr into a compact 
mass. 

Far different were the earliest rtunoceroscs which appeared 
in the Eocene u conlemporenes of the early horses. These 
were comparaiivdy small and slim ‘running rhinoccrota', 
seemingly much like their horse relatives in buikl. hornless, 
and at Ant with four toes still preaent on the front feet In the 
following period there had evolved somewhat more normal 
three-toed rhinoceroses of larger sin and heavier build. Homs, 
however, were slow to make their appearance stmI were absent 
in many early types. 

Batuekiikefimt, an Obgoceoe homieaa lorm racenUy excavated 
In Central Asia, wu perhaps the moM remarkable of all 
rlUDOceroaes. Tbit animal was some seventeen feet in heighi 
and was proportioned like a heavily built giraffe. It appears 
to have bnn the largest of ail lerreatrial raanwtils but wu. of 
course, considerably smaller than some of the dinosaurs. 

There were many variants among the older rhinoceroses; 
short-legged, water-living forms, for example, and the woolly 
rhinooeros of the Ice Age in Europe, whose warm shaggy pdi 
is made known to us not only by the drawings of cavemen but 
also through the fact lhai two of iheM forms have been found 
'pickled' entire in a Galician oil seep. Rhinooeroees were present 
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in North America as wdl as in the Old Worid undl (he end of 
(be Tertiaiy. To^y they seem (o be a dying group, cloee to 
extinction. 

TtTANoTHtaia. An tnteresung fossil group of odd-(oed 
forms » that of the licanotheres. ‘itcanie manunals*. ThcM 
began in (be Eooene with fonm of somewhat horsetike appear¬ 
ance. But there was a rapid tendency towards extremefy targe 
size and a ponderous eJephanline (wild (four and three loee 
were retained on the front and hind limbs, respectively, of theee 
forms to the end of their history). Stow of speed, these big 
herbivores seem to have been a source of prey for the larger 
carnivores of thdr day, aitd in rdalion to (heir needs for defence 
we Arid that in a number of distinct types of tilanolheres paired 
bony horns appured over the nasal region. These forms were 
almost entirely confined to North Amsnea. At the begiiusiog 
of the Oligocene, giant tltanoiheres were the commonest of 
mammals in the weeiem part of the U.S. A., and fossil remains of 
them are very abundant in the South Dekota Bad Lands. But, 
following this climax in development of size end numbers of the 
group, they disappeered abruptly from the fossil record. A pos¬ 
sible reason for extinction is the fact that the teeth of these forms 
were suitable only for the softest of plant food; a slight change 
m vegeutwn might have been enough to cause their undoing 

CHALicoTHCKts. A fijtal gTOup of odd>toed imgutaies is 
that of the chalkotheres, now quite extinct also but not un¬ 
common during the Tertiary. In general stniclure these forms 
were not dissimilar to the bonce, while their teeth were quite 
like (hose of litanotheres. On both counts vve must place them 
in the group of odd-toed hoofed mammals. But ihetr Icci are of 
such a character at to belie the name, for the toes lerminaied 
not in hoofs but in huge daws. So unexpected b such a feature 
in an ungulate group that it was long argued that we could 
not indude them among the odd-iocd forms. But belong here 
they do. Seemln^y. the claws were an adaptation for digging 
out roou and tubers whidi may have form^ a m^jor part of 
thdr diet 

All in all, the odd*toed ungulates have not proved a succcre. 
In the esrty days of mammalian history they were numerous 
and widespread. But unlay (wo ot the five groups are entirely 
exdnct, arid the tapirs and rhlnoceraees are greatly reduced in 
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numben. Tbe hone fsaiily hts held its own; but even here wild 
fetim are twne too common, and the adnnoe of maduneiy is 
aakioc inroads oo tbe numbers of our usefUJ domeaiie bwsa 

eVBN-TOBD UNOULATBS 

Much more successful, in modem times, have been the even-ioed 
ungulates or artiodtetyls. tlNse fonns wore not as common 
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IS their odd-toed rivals in tbe earliest days of ungulaie develop¬ 
ment, but they have become increasingly prominenl during the 
course of the Age of Mammals and seem to be at the peak of 
ibeir (levetopmeni at the present time. To this group belong 
the common larse food animals and a host of wild typos • pigs 
and peccarKS, the hippopotami, cameb, deer. giralTes. caule, 
sheep. BO*(s> and antelopet. 

TOt asDUCTiON IN ivsN'Toio loiMS. To gain an idea 
of Ibe type of toe reduction encountered in the even-toed fonns. 
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try atatn the 'experi* 
fficnt' of hEnd4iftBi| 
mentioned previously 
for odd-toed types. ASitt \ 
the thumb has lifted, the 
hand is in a four-toed 
stape. as >»ms the case ia 
many eoriy members of 
the present group and it 
siill characieristie of the • 
pigsartdoertainoiherbv- , 
mg forms. If, with four 
fiogers touching, ibCH 
be ^lifted about urud 
they rest comforubly or 
the table, it will be found | 
that the two central ona | 
(third and fourth) proyect 
somewhat in advaaoe of (be others, and, if (be hand is j 
hnher, theee two aloiie touch, and tbe second and 6fth are j 
ratted from tbe table. It is this type of toe reduction (hat has : 
taJeen place in (he higher ev«n-io^ forms; (he cloven hoof of i 
tbe sh^ or cow m reality consists of two claady applied toes, 
tbe third and fourth. 

The first even-toed types appeared in the early Eocene, but | 
k was not until the dose of that epoch that they became proms- ' 
nent mem be n of animal society. From the first then seems to | 
have been a distinct deavage into two groups, the swine and 
tbdr rebtfves on the one hand, and the cud-cheweis. or I 
fusntrtants, on the other. 

riauKa AaTioDAcrvLa. The pigs and their mtetivee are 
(he most primitive of living even-toed forms in many ways. 
They are still four-toed animals (although ibe side toes are tm^ ■ 
reduced), and the limbs are little doogated; not much speed 
has developed. The diet of the pig is still of a rather primitive, ( 
omnivorous type, in contrast to thdr more advanced ruminant j 
rdatives: swine will eat anything from poutoes to rattlesnakea • 
The pigs and thdr dosesi fossil relatives are confined to the Old 
World. There are found, in addition to the wild boar type from 
tdtiefa our domestic poricers are derived, a number of distinct 
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liviag forms, inchiding among 
others the wart hogs of 
Africa and the btbtrussa of 
the East Indies. The pigs 
hate targe canine tusks; (beae 
usually curl outwards and 
e%«a upwards at the side of 
(be skull. In the habirussa 
they actually turn straight up 
and pierce through the top of 
the noM as a peculiar type of 
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horn. This miidit be considered as a utefui adaptation if the tusks 
stopped there, but they do not They coniunie growing and cunt 
ba^ in a spiral in front at the eyes. Suds a seeniin^ useless 
end product of a seeniingty useful development oonsUtuies one 
of ite many puxdes with which (be student of evolutionary 
proceases must deal. 

Oosely rciated to the pigs are (he pec ca ries, small and more 
lightly built forms in which (as a distinguishing feature) the tusks 
grow suai^t downward In normal fashion. To*day the peccaries 
are mainly found in South America, although one type ranges 
as far north as Texas. Peccarka passed ibetr early iustory in 
North America, and even during the Ice Age they were numerous 
as far north as Michigan and Maryland. 

A distant ally of the swine b the hippopotamus, a large water* 
living, piglike type now found only In tropica] Africa tut in the 
Reatoccne in regions as far remo>^ as Engtsnd and China. 

In addition there are several extinct groups of animals whkb 
are allied to the swine. Most prominent of these foasil forms 
were the 'giant hogs’ (entcMonts) of (be Oligocene end 
Miocene. These were aninab of targe site, one form being 
about as large as a buflkla The giant hogs were rather more 
progressive than their porcine relatives in thdr limbs, which 
were fairly long and in which the toes had been reduced to two. 
Peculiar fiartges of bone grew down from the sidea of the skull 
and iaws, suggesting a repulsive appearance; (hat their dia* 
positions were none too go^ b suggested by tbe fact (hat soma 
fossil skulb show wounds apparently uiAicted by the anknal't 
own kind. 

FKiKinve RUMINANTS. The piglike fonw deecribed above 
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constitute one division of the even-toed ungulates; tbs other, 
and much more iraporaoi, divistoo of the group is that of Uis 
ruminants, or cud<hewers. These forms are, in eontmt to tbs 
swine, pure vegetarians. In all the living members of this group 
there is a complicated stomach; partly digested food is relumed 
to the mouth, the ‘cud’ chewed, and then returned to another 
stomach compartment to continue its digestive travels. The 
side toes have tended to disappear fairly rapidly, and living 
members of the group have but two functional digits, although 
the lateral ooes may be represented by vesti^ ‘dew daws'. 

In the earlier periods of the Tertiary there was a great abundance 
of primitive ruminanu, ancestral as a group to later forms but 
most of them represe n ting side biandMs of the ruminant stock. 
Fairly characteristic of these early forms were the oreodonis, 
which, judging by the abuitdance of their reouins in the White ! 
River Bad Lands of South Dakota, must have swarmed the | 
western plains In enormous numbers in Oligocene times. The | 
oreodonts are often called, for want of a better oame, ‘ruminatiag ; 
swine'.'ntisrefen to the fact that, as judged by thdr loesh, they . 
were dosely rctaied to cud-chewing types of to-day and that. . 
on the other hand, the limbs were short and stocky and the 
general proportiou quite pi^ike. Then were four short toes. ■ 
and in one type even the thumb had been retained. ' 

CAMiLS. Evan while (be oreodonts and other primitive «d- 
cbewets Oourisbed, higher ruminant groups were emerging. The 
earliest group to devdop, and the one most distinct from other 
rumiitants, is that of (he camels and llamas. The cameb, as we 
krww them to-day, an Old World desert dwellers of large size, 
with a hump (or two) as a reserve food supply on their backs. 
Then an but two divergent toes on the long limbs, bearing a 
pad beneath them for better support on soft sands. The llamas 
and related South American forms an quite different in appca^ 
ance; they an much smaller mountain and plains dwellers, 
tacking a hump and covered with a thick coat of wool. Theee 
(WO kinds of animals, however, an dosdy related despite the - 
differences in looks and ibdr widely separated babitatt. 

The due to their distribution Iks in the fact that North 
America was their original home. The little early camels tff (be 
Oligocene and Miocene wen remarkable for Um rapidity with 
which (he side toes were lost and the limbs lengthened. 
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PresutTiably tbelnunpisa very recent scquiremeni in camels: tbe 
older members of the family appear to have been plains and 
gfaide dwellers rather than desert types. Amoo* the Tertiary 
camels of North Amenca were a number of distinct one 
amali form havint the slender build of a sazelle. others developit« 
not only Ions kfs but a Ions neck similar to that of E>raffea. 

By Pkistocene times the Uamas had gained their present home 
in South America, and true cameb had migrated to Asia. 

however, persisted in the Southwest of the U,SA. 
until comparatively late times. Why they became extinct H, as 
in the case of tbe horses, a mystery, for cameH were found to 
be well adapted to (be south¬ 
western deserts when reintro¬ 
duced there by man 

CUavaOTAINSAND 
THeiaPOSSItaBLATIVBl. 

in contrast to tbe camels 
in such features as a still 
more compbeated stonneh 
are tbe remaining numerous 
artiodactyf families of which 
the deer. ginfTe. and cattle 
are representative types. Very 
primitive members of 
group are tbe chevrotains, or 
water deer, of south-easleni 
Asia and tropical Afrios. 
These are tiny animaLls not 
much bigger than a targe rat in one case and much like mmiature 
deer in appearance. There are no horw of any sort, but there are 
sharp canine tusks as defensive weapons. They have In some ease* 
four complete toes, a feature retained lo^lay in none of the other 
higher ruminants. ... ^ » -j 

These water tteer are living reUcs of a group which Bounshed 
greatly during Oligocene times. Some of these older fomw were 
very similar to the chevrotains in size and structure. Olhen were 
beginning to branch off into various lines of ipcciaHsaiion. 
Certain of these branches are extinct; others have led to the 
cutting families of higher rximinantt describe below. In m«t 
there was a leniency towards increase In size: and while 
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a number of early forms had canines as defensive weapons, 
most of the advanced types tended to develop boras of socoe 
son or other. Of the extinct groups we may mention as an 
example one in whkh several pain of boras started to develop 
along the length of the head and in whidt the dominant pair 
came to be. in Syetheiocertu, over the nostrils rather than in 
the more ut^ posilion on the forehead. 

OBSR. The dw and related forms > elk, moose, remdeer. 
and so on > have been a cooiparaUvely conservative group as 
^ as habiu are conce r ned, for (with low-crowned teeth) they 
have mainly remained browsers and have rarely left the forests, 
which appear to have been the oripnal home of the higher 
artiodactyls. They are essentially animals of the Temperate 
Zone; very few have entered the tropics, but, on the other hand, 
they have extended their range into the tundras and barren 
lands ot the Far North. 

A most obvious feature of deer structure is the devetopmeot 
of antlers. W« sometimes speak of a deer's horns; but, properly 
speaking, a bom should be covered, as is a cow's, with actual 
horn - a hardened skin owterial identiea] in nature with oiir 
iingernails. In the case of the deer there is no such structure; 
the antler consists of booe alone. During the antler's growth 
it b covered by soft, furry skin > velvet - but this dies and is 
rubbed off when growth is completed. Antlers differ from horns 
in two other features. A true horn b a lingje structure, although 
it may be variously twbied or colled, w^wreas in many deer tbe 
antlers are divided into a considerable number of branches, or 
tines. A still greater difference b the fact that horns are per¬ 
manent structures, but antlers are shed. Every year the antler 
breaks off at the base, or burr, and then grows anew to brger 
size and greater complexity. Thu seems a very wasi^l feature 
when we think, for example, of the great amount of food which 
must have gone yearly to buDd up the gigantic antlers of the 
great oxtitKt ‘Irish dk'. 

oiBAma The giraffe b a representative of a further group 
of higher ruminants. Thb beast, loo, b a browsing form; but 
tbe giraffe b a dweller in the savannas rather than the woods 
atK), with limited anvounts of trees to graze upon, has evolved 
a mechanism for getting the most for hb money. The long ftont 
legs and exceedingly long neck enable it to reach high branches 
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inaccettibte to ordieuy imiirals. We have said that Mgher 
ntminanis all have tended (o develop borm of some son. and 
the giralTe b no exceptioc^ for he bears smalt, skin*oovefed 
bony pfooss ^ ^ ^ ^ siculi. 

The giratfe’s tong neck is an interesting development; but it 
has not involved the addition of a ssnglo booe to the animars 
sittleion. The neck of an ordinary mammal contains seven 
vertebrae; that of the girafTe contains exactly the tame number, 
one, of course, greatly elongated. On the other hand, we 
tmy note that in tbe whale, in which there is practically no 
neck and the bead is buttressed right in front of the shoulders, 
there are again jtst seven neck vertebrae, but each one b 
exceedingly short. Reptites. as we have seen, have a great 
degree of variation in their neck skeletons; roammab. for some 
unknown reason, almost nevw depart from the primitive 
number of nedc vertebrae. 

Fossil rdalives of the pTafTes. similar to the living form in 
most respects, but with short necks, have long been known from 
Pliocene deposits. It was therefore of considerable iniertst when 
there WES discovered early in the present ceMury in the foreeu 
of tha Belgian Congo the okapi, a living, shon-oecked giraiTe 

**TB^FitoNOBUC»t. Thc ginffcs are entirely Old World 
typea; the ooe higher ruminant peculiar to North America b 
the pfongbuck of the western plains. Thb creature has much 
of thc build and habits of the antelopes of the Old World but 

bqoitetdistincltype.asb8hownbylu‘bcims‘. 

These structures consbi of s bony core wtikh b ivever shed 
and is covered with horn. In these respectt the prongbuck agrees 
with the cattle tribe. But. on the other hand, the prongbuek 
does shed the homy covering of the horn, and the bom b 
forked. There dreracters suggest the deer. To whscb group does 
tbe pfongbuck. then, belong? To neither, really; it b a naiiw 
product, end form of an independent, purdy American line of 
ruminant development of which there are many fossil repre- 

senutivee. _ . ^ ___ 

CATTLi AND BSLATID TVPM. A final and the largest 
group of higher ruminants U that of tbe bovida. Includtng the 
attic and their numerous relstives - antelopes, sheep, g«o, 
and other faimliar forms. There are mainly ptains dwellen. 
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with hi^-crowned teeth cajabte, « 1» the c*sc with bones, of 
utilizinc jrats *s ■ food supply- In ftltnoet ell membcfs of the 
group mn-hotw have developed, simple although often much- 
curved sinicturci wnth a permanent bony con at the centre 
and tipped with holUsw bom. Bovids were comparatively late 
in their developcneni, for there were but few of them In the 
Mtocene, and it is only towards the end of the Tertiary that they 
became numerous. But once started on their careers they have 
swept all before then and are now, in open country of ail sorts, 
tbe dominant hoofed mammals - indeed, almost the only ones. 
The oldest forms wen not dtssimilar to some of the stnaUer 
tPtd i^ r ^ . active plains dwellers with horns that are often small 
and comparatively straighu Antelope typo are most prevalent 
in Africa; that region is lo^Jay the centre ofartiodaetyl evolution. 

One familiar side branch of tbe funily b that of tbe sheep and 
goau - antelope dtscendaats whkh have taken to mountain 
n^ns and. inddeocally. have tended to develop heavy and 
highly coiled horns. Those forms are represented in the highlands 
of Europe and Asia by numerous wild species, from c«tain of 
which have been derived our domestic races. 

A second group, whidi has tended to migrate to colder 
cUmaiee, b that of the muskoxen, which a« now confined to 
tbe Far North, but which were inhabiianu oi much more 
soolhem regions In Europe and America during the Ice Age 
Just behind us. 

Certain of the African antelopes of to-day. such as the harte- 
beest and the gnu (of crossword-punk fame), are quite large 
and heavily built and with $-shaped boms which are turned 
out from the ude of tbe bead before curving up and forward. 
Three seem to represent the ancestors of the important cattk 
tribe wWch appears shortly before the beginning of the Ice 
Cattk such as the forms from which our domestic races 
have been derived seem to have ranged widely over the Old 
World during the days of our old Stone Age anccston: there 

was also a giant ox pe^ps half a^ as large as the luring forms. 

Thb last was still present and hunted in Oersaany in the Middk 
Ages, and some of its blood may still flow in a few European 
herds. Besides tbe ordinsry domestic cattle, there are a numbet 
of other rvtaied types, such as tbe water buffaloes in the tropical 
regions of southern Asia: several of these have also been brought 
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into domesUc use. Also dosdy aflilialed W ihe calUe are ^ 
bisons of both Europe awl America, now nearly eaiinct. but 

common in Pleiitocene lime*. __ 

The hisiory of the cattle-antelope group has been aimoM 
entirely confined to the OW World. U wa* there that ih(« 
aaimab had their orltf n. and il is there that 
living wfld forms are found to-day. Only three roembere of the 
family have successfully invaded North Amcria - tlw 
and U>e mountain sheep and mountain ‘ goaf of R«kj» 
This lack of represenuiion is seemingly doe to «he fact that 
the hmily developed late in the Age of Mammah. Th^ 

S the most part, tropical plains dwellen. wd only 

as those above, which can stand cold dimatm or Inhabit 

mountains, were able to make the (by then) difficult passage 

from Asifl vIa Al®slcd. j ^ j# 

The cven-ioed ungulates are. in contrast to 
a flourishing group. To what has their success been duet Perhaps 
noVrmS^tJdr good «eth, although « 

Bood brains - we are the animals that boast of that feature- or. 
!^ps. to good feet, although there are some dever m*^'*?*^ 
SSSions^he limbs of this group; 
hlgSr ruminants that compose the greater part of the roo^ 
arSSactyl population) lha dcvdopmenl of the stomach may 
have been ibc real cause of artiodactyl success. 

Which are more important - brains or Someu^ 

when indigestion hits us. we may think rf a good “ 

Isir^v^wUel thing in life. But. when we sit to a 
o‘, port. «»»-««»■«»■ *> 

Mem. on the whole, to have won. 



CHAPTER 12 


More Ungulates 

Whilb the odd- and cveo-toed gnwpe a» the meet imporual 
of ungulate stods, they are but two of a dozen of more ordets. 
living and cxtloct. which are grouped aa hoofed mammak. In 
the present chapter we shaD oonsidcr two series of ungulates: 
first, the subungulates, including conies, ckphanls. and sea cows, 
and then a varied assemblage of fomts. now extinct, wliich once 
inhabited South Amenea. 

SUgUNOULATES 

Under the heading of subungulates are included the conies ~ 
small rodent-like creotures from Africa and Syria - the pro¬ 
boscidians, Including the ele»*anu and thdr extinct relatives, 
tbe sea cows. tr>d several apparently allied fossil forms. These 
make up a very diverse assemblage, a seemingly incongruous 
jumble of land and sea forms, large and small types; but early 
i^vesentatires of the varied groups show fundamental omi- 
Isrities whk* strongly suggest a common origin: and the fa« 
that the esrlicsi fossU forms are found in Africa suggHU that 
that continent was their common ancestral borne. 

coNiea Most primitive of subu n gu t s tea in many rmpects 
are tbe conies, or dassics {.Uyrex, etc.), of Africa and sou*- 
western Asia. Tbe word ‘oorK^’ was an oW English term for 
■rabbit’ (Coney Island, e-g^ means Rabbit Island) but has been 
used in the English Bible as tbe best cquivaleni foe the animals 
now under discussion. The comparison It nd inappropriate, for 
tbe dassie have chlsd-like front teeth and gnawing habits 
simitar to those of the rodents. The comparison would be better, 
however, with the woodchuck rather than the rabbit as regards 
general awearanoe and habiis. Most conies are ground dwellers 
in rocky country, but one type is somewhat arboreaL 
But the rodent resemWances are superficial only. Tbe cheek 
teeth axe rather more like tho« of a ministure rhinoceros than 
anything else, and the general build of these odd mammals is 
quite different from that of any common group; they have 
obviously bad a long independent history. .TTili conclusioo is 
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borne oul by the fowil ikokL The olde« African land awtnab 
of UK Ase of Mammals are found in the Fayum region of 
Egypt, In beds of late Eocene and early Oligocene age. In tl^ 
beds conies are already numerous and varied, one form being 
u large as a Ikm. TlKy have never been discovered as fosaib 
outside of Africa and the eastern Mediterranean region and 
oiwarenlly are a group characteristically African in origin. 
^tFMAHTS. Theelephanu are the only living representatives 
of (be proboscidlafts, mammaU with a trunk. These poodwiu 
fdkws are the largest living land crreturcs; of living amntab 

only a few of the whales are larger, and in the past they have ^ 

exceeded in bulk only by some of the dioosaure and o« ^t 
rhinoceros. Their great wei^i has resulted (as in aU ^vy 1^ 
antmab) in a piltow-like construction of the limbs, the straight 
kgs ending in a broad, padded fooL The skuU ii^ short aM 
high Of the originally numerous front teeth there remain bm 
two upper inebore which extend forward as the two long oir^ 
tusks f^vc, the nose b extended to form ^ long flexible 
oroboscis. The cheek tocib ere of a very carious nature. M 
tL molare of an ordinary primitive mammal are present. ar« 
each one b a very large higlxrowned structure with 
Six* ^ esm underr, conriderabie '«"• 
howev^b very short, and the elephanis haw ewived an 
type of tooth repUoeroenl whereby ^ 

a^in place at once, one in each half of each Jw. 
formed one after anoUier in the back part of jaws ar^ 
SwUy swing arourvd into potiUoo as the preceding tooth b 

around down to UK roots and discarded. 

are but two types of living efcphaob: 
which has been domesticated, and the uniaroed and ^ 
j^dve African type, readily 
2n! In the Pkistocene epoch just behind us. 
inhabited ail the northern oontinents and were P™**"J" ^ 
variety and abundance; to iheee exona etephanu the term 
•roammoih* b usually applied. 

Best known of these extinct forms a 
mammoth, a dweOer in coM climates in both Euiasm 
America FossU remains of these forms are nume rous, ai^ m 
Siberia many woolly mammoths haw been fo^ 
natural coWstorage. embedded in the frown lundre. So common 
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u« iDBinmoth finds in Siberia (ha< there is a fiourishtng local 
irade in fossil ivoiy, and specimens have been excavated with 
hair and flesh still present; some years ago guests at a scientiAc 
banquet in Russia were served with portions (very small) of 
mammoth steak! 

In both old and new worlds there were extinct mammoths 
of other types inhabiting temperate and ir^ical re^oos. These 
creatures, to judge by their remains, were quite common, and 
most am known to have lived beyond the lime of recession of 
the Pleistoeene ice shecu. Why they suddenly disappeared over 
most of their former range is as great a problem as that con* 
elected with the extinction in America of horses, esmeb, end 
other forms. 
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THB OLDBST PROBOSCIDIANS. The dephancs are but a 
flnal stage in a long history of proboscidian evolution. The 
most primitive ancestor of (he group is found in the same 
Fayum beds that conuin the oldest remains of the conies. 
Maeri/herium was no bigger than a good-sUed bog and showed 
few ekphaniine characters. There was apparently iw trunk, 
allbough there mi^t have been a piglike type of snout; all 
(he front teeth were present, although one upper and one lower 
pair were considerably larger than ihdr neighbours; all the 
grinders were present In normal fashion snd were quite simple 
in construciioo. In fact, so primitive was ihb beast, that U has 
been debated whether it really belongs to the elephant group. 
A careful analysis shows that a maiority of its characteristics are 
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in agreemcM with thcwe of pfoboscidUm. bui h tbo had many 
foaiurcs of the sea cow* and »o*ne of ibc cociiea. Motrithtrim 
was apparently cJoae to the cocmnoo »»em from which all three 
of there diverre groups have sprung. 

MASTOOON*. In the upper teveh of there ame Eewian 
foail beds are more progreasive proboicid»*t», the artiest of 
the mastodons, which Itounshed from Oligocene to Pteisiocene 
times. In there forms there were, to begin with, two pain of 
long incisor teeth which gradualty lengthened into tusks. All 
the older mastodons lad tusks in tlw tower as well as the upper 
jaws. These tusks were at lint straight, at the er>d of long bony 
jaws, and with a long nose tube wWch was probably flexible 
only at iu tip. 

Gradually, howewr. the jaws shoneoed. il» lower tusla were 
reduced the upper ones became free at their bases and much 
curved, and the mink became the highly ftcaible structure it is 
to-day; theae features led to the head structure seen in the last 
of the mastodons and in the etephanis. The elephanu alone of 
aninub other than man have a chin; but the eiephant chin b 
not its IS ours) a new «ruciure but merely the stump of the 
jaw vrfueb once bore the lower tusks. 

The grinding teeth of the early mastodons were ol simple 
construction - low<rowned. with a few cross-ridges, and all 
in place at the same time. But with increase in uta or a trend 
towards grass miher than »fter vegeiauotj as a food supply, 
we find that the teeth (particularly in the line leading to the 
el«)hants) became higher<rowned. increased the number of 
crom-ridges, and graduaUy tended towards the peculiar ckphant 
type of tooth succession. ^ 

AlU^ough ii>tsiodon$ ofifinatod to Africi* they sprcao rapidly 
over the earth and in the Mloceoe and Pliocene were found all 
over the northern land masse* and in the Plei*tocene even reached 
South America. In the Old Wortd they seem to have died oui 
near the beginning of the Plebtoceoe: but in America they sur¬ 
vived until within ten or twenty thousand years of modern times. 

siaBNiANS. The sea cow* of to-day indude the dttgong of 
the Indian Ocean and the Red Sea and the manatee of the shores 
'of the iKH^l Atlantic: a third form (Stellar’s sea cow) w 
formerly prorent In the region of Bering Strait but was kilW 
off by imru There grotesque mammab are purely aquatic 
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cnsture* whicb brow» upon the veteiition of couut wtten 
but never come ashore; the hind kgs an lost, the Tront ones 
have become steering nippers, and there U a well-developed 
transverse tail flap. The name of ibe group recalls the alluring 
sirens of Grcdc Icfend. Even to-day in Aden one is invited in 
to tee (at a.price) a mermaid; but one should be forewarned, 
or the shock of teeing a rather ugly sea cow instead of a beauteous 

damsel may be too mtsch. 

These curious marine mammals with a herbivorous diet are 
no reialioo to the whalea («itkh are of flesh-eating origin), nor 
is there any rqxUian parallel to them, escept for the seaweed- 
eadng lizards of the GaUpagoe. Now restricied. they were 
wMeapread in Tertiary seas. Most of the oldest sea-cow remains 
come from Egypt, and these forms show many features sug¬ 
gesting a coeunon ancestry with the conies and elephants. It 
absurd to indude ibese marine and almost limMeaa 
in a group of ‘hoofed' mammals, but the resembtencea 
in the older types are unmistakable. 

Our fowl record in Africa is very incomplete, but as far as 
it goes it suggesu that in the eailksl part of the Age of Mammals 
that oontincnl was for mdllions of years separated from the rest 
of the world. During that time there developed a pecubar native 
of archaic herbivorous animals wtuch gradually diversified 
into the conies (as the least specialaed represenutives). the 
great probosddiaos, ar>d the ancestral sea cows. When, at about 
(he end of the Eocene, interconnexions with Asia were estab¬ 
lished and other animal types could enter Africa, the cotdes 
merely hdd their own. but the proboeddiani migrated outward 
in triumph. The sea cows. too. migraied but, already far a)^ 
in aquatic adaptation, radiated outward along maritie raiher 
than terrestrial routes. Use main evohrtiontry centre for ^ 
nummals has been the Northern Hemisphere; but Africa has 
been the point of origin of the odd subungulste typoa. 


SOUTH AMERICAN UNOUt.ATB8 
The southern contirtenta appear to have been isolated regiora 
for part or all of die Age of Mammals. Australia has remained 
diteofinected and has evolvod its own peculiar marsupial huna; 
Africa was separated long enough to initiate the d^opm^ 
of the subungulatea but toier became faunally similar to the 
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northern continent*. The hbtoiy of South America b wxncwhai 
intermediate in nature. It was isolaied at the davm of the Aoe of 
Mammals and appear* to have temained *o until the dote of 
the Tertiary, vrtMo oonnatiotis were renewed. During iu long 
period of bolatioo many curious mammalian types dewioped 
Ibere whidi are now for the meet part extinct. 1 r a previou* 
aecttoo we mentiooed the fleah-eaiing marsupials of that contl- 
ncni; in the foUowng chapter we shall speak of the curious 
edenuies that developed there. Here we *baU touch very briefly 
upon the development in South America of a number of group* 
of ungulate* wbkh are now entirely extinct but which flourished 

there during Tertiary time*. „ u . 

When South America became separated from North America 
there were but few placental mammal* which had then reacbed 
that continent. There were some form* ancestral to the arma- 
tod other edenutes. perhaps some primitive monkeys, 
and iocne rodents appear to have entered later. The only other 
placeotal mammab which had penetrated were a series of 
primiUve ungulate* - small herbivorous creatures comparable to 
(he archaic ungulate type* of ivortbern continents. No higher 
hoofed mammab, no true even- of odd-toed form*, were abb 
to enter until in the Plebloctoe the land connexion at Panama 
had become ie-«ublished. In the moontime the archaic 'old 
lettfer*' had the field to ibemsclvea and, during the Tertiary, 
developed into a bewildering variety of hoofed type*. It b 
difficult to describe them without going into a mam of techn^ 
deuib. for all of them are now extinct, and we caniwi fairly 
compare them with exbting groups from other continents. In 
an accompanying figure b shown a tepresenUlive selection of 
Miocene mammab - both of these ungulate type# and their 
naUw contemporaries; the bter, Pteistooene rcpcejeniative# of 
these groups were, on the average, of much larger size. 

Conspicuous and numerous artwng the ungulates were the 
(oxodonis. or ‘bow-toolhe*. most of which tended to gro* » 
lariK she. In general build they seem to have been somewtei like 
a cross between a rhinoceros and a hippopotamus. 
related to them but very different in appearance were tw liiue 
typotheres, with seemingly rodent-Uke babii* and even, in sow 
caM. long bopping hind legs which make a comparison with 
rabblU not inappropriate. 
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Another group (the Uiopterm) not partlcul»r1y related to the 
last were South American parallels to the odd-toed ungulates 
of other conUoents. The« forms were fairly orthodox ungulates 
and tended to reduce the toes to three. One group paralleled 
the horses very closely; the two lateral toes dwindled and 
vanisiKd as in hwset. leaving only splinu to represent them. 
These are the only animals in the world except horses that ever 
attained a monodsctyl condition. 

Mott of theae South American ungulaws. free from the attack 
of placental carnivores and free from the competition of other 
ungulate groups, flourisltcd during the Tertiary and were still 
Dresent in nearly fuU array In the Ptehtooene. But then came 
their abrupt downfall Land connexions with North America 
esiAbUshed. Sataetooihs, wolves, and other carnivores 
which they had no adequate means of defence eolered 
ihe eonlineot and featted upon them; horses, tapin. deer, s^ 
ii.m.. , with more cfRcieni ungulate adaputions, compewd with 
thtae archaic hoofed mammals for feeding grounds. Between 
iheoe upper and nether nuUstones the old Sooth AmcrKan 
ungutotes dWniegrated. Not one of this vast host of Teitiary 


forms has survived. 

Their disappearance h the most spectacular of the many cases 
of extinction of animal types in the Ptestocene. In many oUw 
orders various forms became extintt or had ihdr rangs muA 
restricted: but here a whole section of several onto of tta 
world's loog-eswWisbed mammalian population was absolutely 


wiped out 


CHAPTER 13 


A Diversity of Mammals 

An acMURt ot the varied manunaJian forms remaining for coo* 
sideration before our own group, ihe primaies, is reached would, 
if at all adequate, require a vohimo in itself. In this chapter we 
can ^ merely a brief sketch of the other tnaior types: of the 
fodcnts, most Aourishing of all mantmal types; of the bats, the 
only dying mammals; of the whales, the most highly spcdalized 
of aquatic forms; of the curious odenutes, so<al!<d ‘ toothless* 
mammals. 

RODENTS 

Among the rodents, or gnawing animals, are included the 
squirrels, beavers, rats and mice, porcupines, guinea pigs, hares 
and labWts, aisd hosts of less Catiuliar forms. The rodents are 
without question the most successful of all living mamsittls. In 
the number of dilfaent types included in the order they exceed 
all other mammaUan groups combined; they are found in 
almost every inha^uble land area of the globe axuS teem to 
thrive under abncut any conditions. Their range of adapuitoos 
is a wide one. A majority of rodcnu are terrestrial and often 
borrowing types. No piuely aquatic forms hate developed, 
the beavw and mu8k<iat have progressed far in this 
direction. Others, such as the iquirreh, are arboreal; and whOe 
there are no truly dying rodents, the ‘flying’ aquiiTcIs have go« 
far along this evolutionary path. In their general bodily build 
the rodcnu ace little spedalized. It b ihdr gnawing and chewing 
adapations that ptrtkulariy dtaracserize the group. 

The rodoits are almost entirely vegetarian b their habits. 
There b an eflkient series of grinding teeth b the cheeks. In the 
front of the mouth, separated from the cheek teeth by a wide 
gap, are the curving chbd-tflee gnawing teeth. Of these highly 
modifttd inebois there are typically but four - a pair in both 
upper and lower >wt. Subject to constant and hard use, the 
roou of these teeth grow conlboaUy and have ibdr bases far 
beck in the skull and jaw. So relentless b their growth that If. 
through accident or defonnity, one tooth feib to meet Us mate 
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BtxS thut be worn off, it may 
keep trowing outward, curve 
back into the mouth, pre¬ 
vent the iaws from ckteinf. 
and evcntuaity cause death 
by aurvatioo. 

Rodents may be divided, 
for our purposes, into four 
groups. Mott primitive is 
that typified by the squinela; 
the earliest well-known rod¬ 
ents from the Eocene were ecsentiaUy squirrel-like in structure. 
Closely related to the true squirrels are the chipmunks, ground 
squirrels and gophers, arid the larger woodchuck and prairie 
dog; (he beavers, pocke* gophers, and kangaroo 'rats' of the 
arid American rc^ns also pertain to this group. The largest 
rodenu ever found in the northem oontinenu belong to the 
beaver family. Ciant beavers were present in the Pleistocene in 
both Europe and North America; the American form was the 
aizeofahatr-grown black bear. 

Much more progressive and numerous are the rats and mice 
and related types which abound in almost every region of the 
world. Tb^ alone of all terrestrial mammals have succeeded 
to traversing the East Indies and cnieting Australia unaided by 
man. and, except for rabbiu, are the only rodents to invade 
South America from the noith. In addition to tbe numerous 
wild types there is the ordinacy bouse mouse aod two types of 
rats which have become ‘domeaticaied* arwl have accompanied 
man into ail paria of the globe. 

A third great group of rodents is (he one of which the poitu- 
p4ne and guinea pig are typicaL Apart from the former animal 
and a few African species, the guinea-pig group is confined to 
South Amerku. Until that continent became connected with 
North America they were the only rodents inhabiting H. A 
wide variety of rodents of (his sort is fbund to-day in South 
Amerka; except for the guinea pig and tbe chinchilla, tbe latter 
noted for ita fur. most of these forms arc unfamiliar to dwellers 
in tbe Northem Hemisphere. The ‘water pig', or capybnra, a 
form something like a gigantic guinea pig, grows to the size of 
a hog and is the largest of living rodents. 
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Ail tbeae thice groups an unquestionably faMjr dowly Rkted. 
Widely itypr stad from them ii a fourth group induding the 
hares and rabbits, which are characterized by the tect that in 
the upper jaw there is a second tmaller pair of inciior teeth bo- 
]iind tbe principal once. These fonw are hence oAen called 
'duplex-toothed', in contrast to typical rodeoia. 
No conneetnig links between the two tiave ever been discovered, 
•ltd it is currently thought that no teal reliiiofulup exists. Tbe 
rabbit type has probably adiicved its gnawing «)ecialiiations 
independently. 

BATS 

Only in tbe bets has true flight been developed by mammals. 
As in the pterosaurs (and in contrast with birds), tbe wings arc 
formed by webs of skin; but instead of being supported by a 
elongated finger, as in flying reptiles, nearly the whole 
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band is involved. Tbe thumb, a duiehing organ, is free and 
clawed - the other flngen are all utilised in the support ef the 
wing nsembrane and usually have lost their originally dewed 
end jointa. to having the wing expoiae broken by tbe long digits, 
the bat has evolved a more flexible and kn emily damaged 
wing than that of the pterosaurs. 

Bau are skUled nocturnal flyers; their abibty to avoid obstacles 
even in pitch darknea is well known, and it b ob«ous that they 
must depend for aerial navigation upon senses other than sight 
Tactile sense appears to be highly developed, and there are in 
many grotesque fleshy outgrowths about the nose and 
«an which appear to lodge ddkatc sensory structurea. Ilearing. 
howver. has recently been proved to be tbe tisBier iela«» of 
(he bat to avoiding obstacles. The flying bat appears to be a 
silent creature. But this b far from the case. The use of refined 
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acoustic methods sliows that the flyios bat continuously anttt 
a aeries of shrill cries which are so high pitched as to be inaudible 
to the human ear. The highest tones which we can hear ate waves 
of about 20.000 vlbratiofts per second; the bat’s cries may have 
a frequency of about SO.OOO vibrations and are thus two and a 
half times hi^scr. The bat ear. however, is eapabie of heariog 
them, and the bat appears to avoid obstacles by noting tbe 
echoes reflected bacic from them. 

Tbe maiorily of beta are insect-eaters, but there is a wide range 
of diel. ranging from Mood (in the vampire bats) to smaU fish. 
A tropical group are the large fruit bats, or 'flying 

foxes'. Bau were developed far bach in the history of mamiiuds. 
for skeletons showing well-developed wing supports are found 
as far back as the Eocene. A possible iniermodiaie tttge in the 
develr^ment of flight is given in tbe shape of the 'flying lemur’ 
of the East Indies. As writers on natunl history have ofteo 
ronarked, the ruffle is hardly appropriate, for the animal is imm 
a lemur, r»r docs it fly. It docs, however, have a very large fold 
of skin extendir>g back from its arms means of which it can 
‘plane’ for a considerable disiaiKC. Probably the earliest bau 
bepm with such a type of gliding apparatus. 

WHALES 

The cetaceans, the whales and porpoises, constitute the largest. 
and most important group of mammals that has turned to aa 
aquatic life, ar>d that best adapted to an extsience in tbe water. 
They have become so completely divorced from their former 
land life that they are helpless if even tinrsded oo a beach. 
Only in their need for air-breathing do they show any marked 
flinctlonal reminhceoce of their previous terrestrial existence. 

The CTtarmfn have reassumed the torpedo-like streamlined 
shape of primitive aquatic vertebrates; the body, however, it 
thidc and roimded in section, and hence (unlike the typically 
slimmer Qsb) tbe main propulsive force is confined to the ttU 
fin alone. As in other aquatic mammals, the call has biled to 
resume its ori^nal fin structure, and, as in the tea cows, hori¬ 
zontal flukes supported by fibrous tissue supply tbe motive 
power. Usually in whales (ss in ichthyosturt) a fishtike dorsal 
fin has tedevelopod. As in tbe tirenians, the hind legs are lost 
(except for intenul rudiments), sikI the front Ihnbs are steering 
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fliDper*- PanUlel. again, to the marine reptiles, extra Joinls may 
be added to the toes. Hair has been abandoeed as a covtring 
•nd may be abeohitely lacking on the skin of the adult whale; 
a (hide layer of fat ~ the blubber - afford insuUiion against 
the consunt cold of the sea waten. 

The teeth have been reduced in modem whaks to simple 
peglike ttructores. In many forms there has been a considefaWe 
increase to numbers over the origtoal foTt)sfour; to others, 
t(«(h have been abandorted completely. 

Some of the larger whales, such as the sperm whale, dive to 
great depths to pursuit of food and may remain submergod foe 
periods of time said to be as rooch as foxty^vc minuira. It is 
^ous that these haWts must involve maier physiological 
meializaclons. The whales arc adapted to withstand rapid 
between normal surface cooditiow and the imineose 
encountered in the depths. Without such adaputioos 
they would suffer, as does a man under similar orcumstaneea. 
from the 'bends’ (pain caused by liberation of gas bubbles to 
Oie Wood when pressure a deocased loo suddenly). Further, 
ihere must be, and are, adaptalkxa for taking to abnormally 
large supplies of oxygen before a prolonged dive. 

In rtlaiion to breathing problems, the nostrils, originelly of 
course at the front end of the snout, have moved backward ow 
the top of the head unUI they open directly upward is tlw 
blowhole. The 'spouting' of the whale is ite expiraikir ef au 
through this peculiar typo of nose when the top of the head 
comes to the surface of the water; the vapour seen b due to the 

condensation of water whenthe column <rf warm moist air blown 

from the lungs strikes the cooler awnoiphcre. 

Living whales are arrayed to two maior grevpe - the i®WhM 
whales-and the whalebone wlialea. The former poup is much 

the larger to numberi ; teeth are generally retained, and fish 

toiiid are the common articles of diet The numerous varimw 

porpeases aiKl dolphtos are ctoae to the comtnoB stem 0 ^ 

group. Some of tbeae toothed whaks grow to peat ai» Tto 
b rapecially the case to the sperm whaks, forms to vrhah the 
huge Wont snout b Oiled by a great nservoir of sperm o«L 

aarply marked off from the toothed forms are the whalebone 

whaks. In them teeth have been losr entirely. The hu^ mouto 
b filled vrilh a scries of sheets of whalebone fnnged with hairs 
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■t (he edge and han^ng down from Ute roof of (be mouth in 
parallel rovn UJee the learn of a book. This whalebone b 
composed of hardened skin. In the roof of (be mouth of the dog. 
for cxaniiple. may be seen crosswise ridges of skin; the whalebone 
has been formed by the elaboration of such a sCTies of skin 
ridges. 

These whakbone whales live upon plankton, small organisms 
in the sea water; water passing through the mouth b strained 
through this whalebone Alter, and the ediMe maurial ttepwited 
b licked olT by the tongue. It would be impossiWe for thb type 
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of whale to swallow any large objeM (such as Jonah).- for the 
^llet does not exceed nine inches in width. These v^tebone 
whales feed upon smaller food materials than any other mam¬ 
mals; and it b paradoxical that they dMuld include in their 
number the largest animals cd any kind that have ever existed. 

The blue or sutphur-bottomed v^ale b eslonated to reach a 
maxinuun weight of one hundred and fUty tons or more, being | 
thus several times ns big as the largest of known dinosaurs. | 
Little b known of these two whale groups before the Miocene 
epodi. In the Eocene, however, archaic whales, the zeuglodonta, 1 
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were already corudoo io the seas. These wcra, In some cases, 
ol coRtidcrabI* sue (seventy feet is (he apparent maximum), 
with a body comparatively looser but tlimmer ihao in later 
whales; the proportions were those which modem Imafinaiion 
ascribes to the sea serpent. These fomu were considerably closer 
to their land ancestors than the typical wbalea. In the skull, for 
example, (he nostrils were still near the front of the bead, and 
the teeth were very much like those of primitive flesh-eatiitg 
ffM/nmah. Noi improbably the whales have come from tarty 
oeodont carnivores and have gradually taken up a fish-eating 
existence in the same way that later otters and seals have done; 
but we have oo fossil record of the early states in the transitioo 
from land to water. 


EDENTATES 

South America is the main sett of an odd series of manvnaJian 
types usually known as the cdcoiatea - toothless mammals, 
induding anteoters, tree sloths, and amudilkts. The name is 
mislrading for. while the anteaters are toothless, (be others have 
a considerable number of teeth. These, however, ore of a de- 
tenerate struaure, being simply blocks of deniioe lacking tbe 
cnamd covering found in other mamnuls: tnd teeth sre never 
pceseni in the front of (be jaws. 

The South AnMiicon anteaters ore essentially feeders not on 
ordinary anu but upon termites, (he 'white ants* numerous ia 
all tropical regioRS. The skull is pecultariy deveiopod for ihh 
type of diet, the snout long and slim and the jtwo, ia (he abseiKa 
of teeth, quite feeble. The mouth b merely a small terminal 
opening from which a long sticky tongue may be extended to 
gather up the insect food. The feet are armed with long, heavy, 
curved claws, which can dig ably into a termite nest. These daws 
make ordinary walking difDcult, and in the from feet tbe claws 
are turned Inward, (he wdgbt resting on die outer side of the 
knuckles. 

The tree sloths of the South American foresu are among the 
oddest of mammalian types. They are small nocturnal forms 
with a Ikhcnous growth which often gives a greenbh tinge to 
their gr^ hair. They are slow and dumsy. spending much of 
thdr time slothfuily hanging upside down frm brandies and 
holding on by their long, curved daws, two or three in number. 
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Thaw teaf-««tins anicnals have tceib, but they comprise only 

four or five pain of cylindrical pe^s in either cheek. 

The third living South American edentate group is that of the 
armadillos. As in the skitbs, there are p^ke cheek teeth. The 
interesting armadillo deveioptnent, however, is the presence of 
armour in the shape of numerotis rows of bony plates over the 
back and tides of the body and even over the top of the bead. 
In the oxire primitive members of the group the armour form 
a uniform serka of movable bonds Uk length of the body; la 
n>ore advanced types the front and bode parts of ibe shield 
form solid partitions over the hip and dsoulder region. \nib 
movable hoops between. The armadillos are the only living 
mammals with a bony armour. 

Besides these three living groups South America gave rise to 
two other and more spectacular edentate types, both extinct, 
the great ground sloths and the glyptodonis. 

The ground sloths developed in South America in Tertiary 
limes and reached their peak in the Pleistocetx, when a number 
of genem were present in North America os well. One,form 
reached the size of on dephant, and others were os large as on 
ox. These forms were urKknibtolJy related to the tree sloths but 
were ponderota ground dwellers. As in tree sloths and antaaten, 
the feet were armed with good claws; this caused a dum^ type 
of foot construction, which was complicated by the heavy bulk 
of these animals. The gait was obviously a shuffling one; the 
front feet rated more or less on the knuckles, the hind legs 
bore down on the outer edge of the brood feet. These ground 
sloths appear to have been able to rear up on tfadr hind legs in 
bear fashion to crop leaves from the branches of trees. 

Rdaied to tbe armadillos were the extinct glypiodonts. They 
were covered with armour which hwe formed a solid, domed 
carapace covering the entire inink. Not only was Um bead 
protected by bony plates, but tbe toil also was encased in a 
bony sbeatb. sometimes bearing ^ikee. These glyptodoota, 
some of them ten or more feet In length, were a close mammalian 
porollel to tbe armoured dinosaurs of the late Cretaceous. 

A few small forms seemingly related to the oivoestry of tbe 
South American edentates were pteaeat in North Amerka in 
the Poleocer.j oitd Eocene but soon disappeared there. Hw 
anccsirai edentates were marooned in SouUi America during 
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the Ttftiwy «nd (here evolved tn(o (be five types described 
above- The archaic unipiUtes of South Anwrica wen npUity 
extertninaied, as we have seen, with (he re^stablshment of 
North American conneMOOs at the dose of Tertiaiy times. 
The however, were of sterner stufT. They not only 

heh) tbefr own territory during the E^etstocene but, going a^insl 
the tide of migraiion, invaded North America; large rt^ptodonts 
ate found in the Pleistocene of (be Gulf coast, numerous ground 
sloths penetrated as far as Pennsylvania and Illinois, and even 
tth-day the armadillos range as far north as Texas. 

At the end of the Pletstocene the glyptodonis and ground 
sloths became extirtet. The former appear to have lingered late: 
in the south-wesiem United States there is positive evidence of 
their contemporaneity with man, and in Patagonia one appean 
to have been imprisooed in a cave used as a ‘stall’. 

In the Old World tropks are two types of temutfreaiari 
exhibiting feature* similar to South American edcntaiee. The 
aard-vark of Africa is a grotesque, long-eared beast whkh tm 
wtll-developed ant-eating adeputloas in the long snout, slim 
whipUlce tongue, and powerful daws; but ibere the rtaemblaim 
to American antcaiers stops. There are peg-like teeth of peoiliar 
coASUUcuon. end the animal In general resembles nothing ehe 
at all. The term ‘earth pig‘ is not particularly appropriaie. but 
there is nothing with whkh the animal can be compared. 

The pangolins of southern Asia and ^rka have, again, 
tennite-eating adaptations in the slim snout, tong tongue, 
toothkes mouth, and sharp claws, Th^ are armoured, but not 
by bone; Instead, there are large overlapping homy scales, 
giving these creatures somewhat the appestrance of emmaied 
pine cones. . , _ 

Neither aard-vark nor pangolin has fundamental features 
indicating teal retallonship to the true American edenutes. 
We know bttle of thdr fossil lustoiy: presumably they repre^ 
leols tH lypm whicb have taken up lermitoeatlng ax a vocation 
and have In relation to this tended to develop similar adaptive 
features. 


CHAPTER 14 


Primates: Lemurs, Monkeys, Apes, and Man 

The order ot primates is a (roup of particular interest to us, 
for h iodudes not only the iem;^ monkeys, and great apes, 
but man hitmelfi in the study of primate evolutioo we are 
studying our own kin, climbing our own (kmily tree. We «hail, 
ther^ore, treat the priimtes more fully than we have a number 
of other mammalian groups. 

To the pekontologist the primates are a aource of considerable 
difficulty. Wc have vmil-documenicd pedigrees for vsrious 
mammalian types sudi as horses, catnch, and dogs. In the case 
of our own ancestors we should like to present an equally 
adequate fosnl history. Unfortunately, however, fossil remains 
of primates are more rare than is tte case in any other large 
group of mammals. The reasons for this paucity of material 
are (kirty obvious. Primates are, for the most part, tree dwellers; 
rock deposits in which fossil vertebrates are to be found are not 
oonnally formed in forested regioiis. Again, primates are mostly 
dwellers in the cropiCB. whereas most of the known Tertiary 
fossil beds are in what are to-day sooes of temperate ciimaie. 
It b only in Eocene tiroes, «4tefl these regidns (as shown by 
the vegeiatioo) knew tropical cooditioos, that primates are found 
to any extent in (he fos^iferous deposits of Europe and North 
America. 

The living primates may be divided primarily into three 
groups: (1) the lemun, typically small four-footed forms of 
rather squirrel-like appearaoce, found to-day in the Old 
World tropics and present in the Eooene in Eurasia and North 
America: (2) Torstui, a curious small, hopping, rat-Uke creature 
from the East Indies, occupying an intermediate position be¬ 
tween koHirs and higher primates; (3) the anthropoids,* 
oomprismg the South American monimys, the more advanced 
monkeys of the Old World, the great manlike apes, and 
man. 

* Ths manlike (anthropoid) apes an eocne tim e s spokeo of amply 
as anthropoida; to thb Ioom usage should be avoided; the term 
‘Aathrepoides' properly htciudes monkeys u welL 
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ARBOREAL ADAPTATIONS 


Primates are essentially arbonai. only a few form (such as the 
baboons and man) having talien up a life on the ground. There 
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is conslderabto evidence suggesting that the primitive plaesoiaU 
were tree dwellers to begin wWi and that the primate* h*« 
merely continued on in this ancestral track. Arboreal life is 
apparently respoosibJe for much of the progreesive d«velopme« 
of primate characteristics: and. although man b not a tree 
dweller thb life of hb ancestors has left its mark deeply upon 
him and b perhaps In great measure responsible for the attain- 
ment of hb present estate. 

LiUBS. Locomotion in the tree has left the skeletoo of ths 
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for gr«»ptoK food w>d oiher objectt; tnd even anwn* tt* 
leonin ihcre i* » tendency UwanU a posture and the 
,«tcaso of the front feet from supporting the body. 

The primitively long tail is retained in almost all the lower 
primates and U apparently of considerable use in balancing. 

In many Sooth American monkeys it has developed into a 
piOiensile ’fifth hand’. In a number of cases, however, the 
is reduced or absent, and U«re is no catemal tail In the 
manlike apes and man. 

TBBTH. An omnivorous diet appears to have been general in 
early primates, and similar food habits chatacienm many 
Wring types {alihou^ there has been a strong herbivorow 
(rend) The deniiiioo is. hence, usually less specialized than in 
most mammalian groups; the molar teeth are low-crowned 
vrith rounded cusps. In diet primates are not dissimilar to ibe 
twine, and the cbeeJe teeth of these two groups are fairly sinfilar; 

the teeth of a fossil native pig from Nebraska were for a 
lime mistakenly identified as those of a manlike American apa 
In all primates, including man. the number of incisor hM 
been reduced from the origina! throe to two In each half of ea«i 
iaw and there has also been a trend towards reduction m the 
muiiber of premotor (' bieuspdd*) teeth from four to two. so that 
(be higher monkeys and man have but thirty-two teeth instead 
of the forty-four present In our primitive placental ancestors. 
Primates are in general short-jawed and. consequently, short- 
faced types. In most of them the canine teeth are raihw long 
and make effective biting weapons; in man. howevw, they have 
to project above the general level of the tooth row. 

SENSB ORGANS. ArboTcol life has had R profound effect upon 
the sense organs. A ground-dwelling mammal is In great measure 
dependent upon smeU for hb knowledge of things about him 
end his nostrils are highly developed, while sight a usually 
comparatively poor. Ihe reverse is true in these arbort^ W 
For locomotion in the tree good eyesight to eesenw, sod 
throughout the primate group there has been a progremiveaeeies 
of advances in the visual apparatus. Even In the 
are large, and there to a tendency to rou« them fon^ from 
their primitive lalerol position. This resulu in a situalioo wiw 
pons of the two fields of vision overtop, and in Tarsia a^tbe 
Slber primates the two fields are ktonUcal. In vencbnies 
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below the raammab the efti appear to furnish the brain with 
two sefpanie visual ima^ca. la maininals where the fields overlap, 
there typically arises the stereoscopic type of vtiioti. well .d^ 
vdoped in (he higher primates. In (hb condlliofl there is a sorting- 
out of the nerve fibres running from eye to brain, so that the 
brain pictures fomed by the two eyea coincuk, and (he minute 
variation between the two pictures gives the efibet of depth. 
In addidoo, the monkeys artd all hi^wr types possees in the 
middle of eadi retina a specialized regkm. the 'central pit’ 
(forta cfniraUt), in which detail is much more dearly percei^ 

With this Improvement in vision goes a corresponding de¬ 
generation of the sertse of smell. Even in the lemun (be oUactoiy 
sense is reduced, and in the manlike epcs and man it is probab^ 
in the roost rudimentary state to be found in eny terrestrial 
pbcentaL 

BRAIN. The brain, u well, has been profoundly influenced 
by arboreal life. Locomotion in the trees requires great agility 
a^ muscular coHsrdination; this co-ordination in itself demands 
developroeot of the brain centres; and it b of interest that much 
of the higher menul faculties b apparently developed in an 
area alongside the motor centres ^ (he brain. Again, the 
development of good eyesight rend er ed possible for primates 
a far wider acqubttkm ^ knowledge of their environment than 
b posnble for form which depend upon smdL Perhaps still 
more iinponaot in the evolution of primate mentality has been 
(he devdopment of the gracing hand as a sensory aid in the 
examination of objects. 

A constantly iacreadng brain size has been a cbaracterbtic 
fcatine of primate development. The cerebral bemispheres have 
grown in size and in all the higher Anthropoidea completely 
cover the cerebellum. Among (he smalkr monkors are to be 
found (he highest relative weights of brain to body in any 
mammah. 

SKULL. These changes in dentition, sense organs, and brain 
have been associated with great changes tai the prinatc head. 
Most lemun have an eloogate skull of primitive appearance, 
with a long face and a long, low braincase. Out with the reduction 
of the sense of smell and the concurrent abbreviation of the 
tooth row, the mu&le tn most primates has shortened coo- 
skkrably, the foce sloping sharply downward towards the mouth. 


Its 




White ihe f*ce htt been reduced, ibe bnincare htt, on the 
eontrery, opended greedy in hlgba proMte* to ecconanotUie 
dw ever growing brain. In prlmidvc mammals there was no 
bone separating the eye socket from the teoipte re*on. In a 
of mammalian types a superficial bar has been built 
between these two openings. Such a bar it present m all pnmates 
from the very first Bui, in addition, monkeys, apes, and men 
bare buUi up underneath dm a solid partitsoo between eye 
*nd temple. This b unique among anhnito. IVesumab^ it giv« 
a better aitacbment and support for the eyes in Uwr rotated 
portion and also prevents the jaw muscics, pushed ouistd^ys 
^thc expanding brain, from crowding forward into Use eye 

sockets. lemurs 


Most primitive of primates an the temuts. found to-day to 
tropical Asia and Africa, more espedally on the bland of 
Madagascar. An ordinary Madagascar lemur of to^ b a 
fairty small arboreal animal, rwctumal in hsbits. with a bushy, 
hairy covering which contrasu with the rather sparse coat of 
ntost hi^ primates. The limbs are moderately long, tbs ears 
pointed, tod the eyes are directed more laterally than forward. 
The lemur face may undergo some shortecilog. but b b in most 
cases a comparatively long and foxlike munte. 11* tail, us^ly 
b never a gracing orgaiu Thumb and big toe are 
widdy separable from the other digits: the big toe b espeeia^ 
wdl developed and has a flat nail in all forms, whertas the 
other digits are variable in their covering. TVpieal temurs hare 
a clawUke nml on the second toe but iwrmal naib on the other 


^'rhe reason for the survival of thee primkire foam on the 
^inwt of Madagascar b socmingly the fact ^t area hm 
been long separated from the mainland of Afnca, “ 
consequence, but few flesh-eaters hare been sbie to enter tW 

tegwn; members of the civet family are the lemurs’ only eoeouet 

On the mainlands, on the contrary, temurs «" 
scaroo. In southern Asia there are two specks of 1^ to 
iroplcai Africa are the potto and ’bush 
somewhat more advanced types than the typical Madagascar 

In the Eocene, temurs not unlike the livtog Madagascar iyp« 
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were commcm in both Europe and North Amenca. Beyond the 
Eocene, however, they vanish from the fossil record of the 
oorthem regions, whicb presumably were already becoming a 
bit too chiny for tropica] forms. ' 

The lenwis ate exceedln^y primitive primates and not far J 
removed from the treMhrew types from which the primates ' 
appear to have arisen. Indeed, so primitive are they, that some 
writers have believed that ihQ' should not be considered as - 
primates at all but as progres s ive imectivorcs. 

TARSIUS 

Much higher in the scale of primate evolulioa than any lemur 
is Tarsius, a small nocturnal tree dweller from the East Indies. 

He has a peculiar ratlike tail and long hind legs adapted for a 
hopping gait. These are specialized features in whi^ Tarsia 
is off the main evolutionary line of primates. But the rest of ' 
the beast’s structures are curiously intermediate between lemur -i 
and monkey types. • 

Tbe brain b large, and the braincase b short and rounded. 
The visual apparatus b much advanced over that of the lemurs. 
The eyes ate exceptionally large and are turned completely J 
forwaid from the primitive lateral positioa. with the orbits does ^ 
together above tbe noee. In thb creature the two fields of vision 
are identical, and receol work indicaia that ttereosospic vtsiofl 
b well developed. 

While vbion has thus advanced, tbe tense of snidl has been 
proportionatety reduced. The foxtike snout of tbe typical lemur •. 
has disappeared, and the nose has shrunken to a small nubbin 
tucked In between and below tbe eyes. There b little projection * 
of tbe muzzie (the tooth row b cooiparaiively shortX and we 
have here (he beginning of tbe type of face found in monkeys, 
apes, and man. 

An interesting feature in which Tartiui shows affinities with 
the higher primates b the fact that (he placattal connexion 
between mother and young, instead of being dbtributed, as in ' 
tanurs, all abou( (be surface of tbe sac containing the embryo^ ^ 
are concentrated in one discoidaJ area and shed at bdrtb just as 
in monkeys and men. 

Tanius b not a monkey, but it b far above the lemur leveL 
The Irving form b too specialized in itself to be a true intennedate 
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one huid. ere the South American roonkeya (pta^rriunea); on 
the other, an Old World moolcQa, the sreat tnd man 
(cauurhinet). 

N*W WORLD UONXIYS. The South Amencan romu an 
generally known at platyrrhinea, or ‘flat-nosed’ monkeys, owing 
to the faa that the nostrils are widely separaied and look more 
sideways than forward or downward. If we wish a farther 
technical character we tnay note that in these New World 
monkeys there are throe premolar teeth in etch half of each 
jaw, whereas in all the Old Worid forms, as in man. but two 
such teeth are preseot 

The smaller fonns among the South American monkeys are 
the marmoseu. Theee little fellows are squirrel-like in general 
appearance, with thick fur and a bushy tail, and are, 
for the short face, rather like the lemurs superflcially. Som e 
writers have suggested that the marmoeets are really primitive 
monkeys close to the lemur ancestors. Others, however, believe 
that their seeming primitiveacss is due to spedalizaiion and 
degeoeratioo. As so example of marmocet specialuatioo may 
be mentiorted the fact that the last molar has disappeared. In 
man this molar, the 'wisdocn tooth', is degenerate and often 
falls to function: but with its total loss the marmoseu base 
progressed farther than we have in this one regard. 

Much more typical monkeys are also present in South and 
Central America: of these the orgas-griodtt’s monkey, the 
capuchin, is a typical represenutive. In a majority of these forms 
the tan is not only long but has developed iiuo a preheosOe organ, 
a 'fifth baod' erf great utib'^. Some members of this group, the 
spider monkeys, are voy dever acrobats, while an interesting 
side branch is that of the howler monkeys. These have a large, 
bony, resonating chamber in the throat: Ify means of the sounds 
emanating from h, night is made moumftiJ in the South American 

forests. 

Little b known of the foesU history of these American monkeys. 
They are certainty on a lower ptaoe of organization than the 
Old World forms. But there b little to indicate that ihb group 
lies on the mam tine of descent of the higher primates, and their 
evolution may have occurred parallel to that of the monkeys 
of the Eastern Hetnuphere. 

CATAaaHiNB CKARACTBai Grouped as the catarrhioes 
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are the monkeys of aod AfricB. the manlike ape*, and men. 
Tbe name indicates one of the many features ia «ducb they are 
more advanced than the South American monkeys - the (ket 
(hat (he oostrili are doser lotetber and open forward and 
down. Thera is a rather peneral tenden^ towards an increase in 
size, which culminates in the chimpaiuee, man. and y n l* * 
Atihouph primitively arboreal, some of tbe higher or more 
Q>eciall»d types, at man and tbe baboons, tend towards a 
lerrestiia] life. The tail it often shortened or abaesu. Printithely 
four-footed, some have cettded to an arm-fwinging type of 
locomotion in which tbe body b held erect; man has attained 
an erect posture. Although pcogree s ion on the ground is usually 
on all fours, the long anns bring the back into a slanting position, 
while sitting is the common catarrhine pose when not in motioo. 
The thumb b usually well dereloped and opposable, and the 
big toe unrvenally so except where secondarily roodi/led ia man. 
The hairy coming a always thin and the bee naked. 

The brain b largs. The fhe^ primitively short, tends to elongate 
In some instances in correlation with a tendency towards a 
vegetable diet and a consequent increase in lootb size. There 
are only two prcmolar teeth in each Jaw half; we have finally 
arrived at tbe stage of redoction still found ia man. with only 
thirty^wo teeth instead of the original forty-four. 

OLD WORLD UONKIYS. Anthropoids date back to the 
beginning of (he OUgoceoe epoch in (he Old WotM. In fossil 
beds of that age in the I^yum district of Egypt have been found 
a jaw and a few other fragments which, while in co m p lete, are 
enough to show us that small, primitive. Old WorM monkeys 
had evolved by that time. From theae early forms may have 
descended tbe numerous OM World monkeys of the preKOL 

These monkeys incltxle a great varieay of forms, widi a wide 
range in siruaures and habits. All are. in terrestrial iococDotion, 
four-footed types walking fiat on pakn and sole. Correlated with 
the common sitting posture b the universal presence ia these 
monkeys of hardened skin arcaa, sitting pads (caUosities). oo 
the buttocks. Tbe more primitive monkeys are arboreal, but the 
baboons and thdr relatives show a progressive lendency towarxb 
a ground-dwelling life. 

Two groups of living Old World monkeys arc easily db- 
tingubhsble to-day: ooe group haring cheek pouches for the 
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ot the KroufxMwdlinc tefkdcnctw of the cheek'pouched 
monkeyi. An interesting varaot in (his group « the proboeds 
monkey with, in old males particularly, a loDg pendant now 
Mhich outdoes that of man in its devek^mimi. 

UANUKB ARES 

But the Old World monkey groups, mteresung as (twy are in 
showing how monkeys can vary in strucuue and adaptationt, 
have little to do with our own hhtory. Our ancestors came from 
a third line of monkey evoiuUon, one leading to ihe developmeni 
of the anthropoid apes. TIus line diverged from that of the 
modern monkeys at a very early date, for in the sante Egyptian 
beds where are found the earliest known mottk^ occurs (be 
jaw of a smalt ancestral artthropoid ape. 

STauci’uaa or the oasAT Araa. The anthropoid, or 
manlike ape group, indudea four living types: the gtbbon, the 
orangouian, the ^impaazee, and the godlla. Ail are of good 
size, ranging from the comparatively small gibbons eo gorillas 
several times as heavy as a man. The skeleton is ralber doae lo 
the human type. Tlte chest is broad, in contrast to ibo chi^ 
deep chest of monkeys and of mananals in generaL The hands 
are fairly sioiilar to those of man, but the ftngen are geoeraOy 
quite long in oomperison with the thumb, and the arms are 
mtsch cloogated: the legs, on the ooolraty, art short. The foot 
is still an eaccUent grasping structure, with the toes long and 
(be btg toe oppoeable to the others in bandiike fashion. 

Theae featurea, particularly those of the arras, seem to be 
Bsaodated with (he greaMpe type of locomotion. With hh 
creasing wet^, fouT'fooled running along a tingle bnsch 
becomes increasingly difficult. The weight may be disuftwied If 
(be ape rests his feet on one branch and grasps an overlying one 
with his arms. From this it is but a step to tha type of looomotiao 
in which theae fonns, particularly the gibbons and ocang, are 
adept. Theae apea swiiig by (he hands from bough to bou^ 
much as one swings along the travelling rings in a gymnasium. 
The feet are so deftoitely adapted lo a grasping ftinciion that 
most groat apes cannot walk flat on (heir soles but must support 
(heir weight on the outer side of the foot 

It will be noted that in swinging by the arms the body is 
Dcoessarily held erect Them is but little teodeno^ for the use of 
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(he erect posture when on the ground. But (he front kgs of al 
these epes being much longer thin the hind, the body ie necessarily 
tilted up considenibly in front even io four-footed walking 
Erect posture, an csteotially human cbaneter, thus has its 
beginnktgs among these tree-dwcUing types. 

The brain is large, cspedaUy in the gorillas, but its growth 
has not kept up proportionately with increase in bodily bulk, 
and its relatively amall sia is fai great measure responsible for 
the rather ferocious appeanmce of such a form as the goraia. 
with iu low forehead and beetling brow ridges. There b, as b 
most roammab, no projecting chin, the jaw sloping away under 
the lips. The grinding teeth tend to be rather heavy and elongate^ 
giving room of a projecting face than in man, ai>d the canine 
teeth are prominent. 

GiaaoNS. Smallest and most primitiva of anthropoid apes 
are the gibboru (including hoolock and siamang) of the Malsy 
region. The ordioaiy gibbon does not exceed three feet or to b 
standing posture. Alone among living anthropoids these small 
apes customarily walk erect when on the ground, with the 
extremely long arms used at balancers. But thb type of loco¬ 
motion b comparatively rare, for the gibbon b a highly developed 
arboreal acrobat capabb of Icau whidi no circus artist could 
attempt to imitate. The brain cavity has a capacity of about 
90 cx. In a modem European the comparable figure b about 
I ,^cx. The gibbon b. unquestionably, a much less intelligeot 
creature than mao (or the other higher apes), but we must lake 
into account abo the Btet that we are dealing with a much 
smaller creature. We find that in two or more animab of equal 
inleHigence the brains vary somewhat (although not directly 
proportionately) with body sbe. 

Fragmentary remains of glbboo-IlkB forms are found in the 
mid-Tertiary of the Old World, and it would seem probabb 
that, except for feetures (sueh as long arms) related to the 
gibiMn’s excessively greet adapulions to a gymnastic life, thb 
form is a comparatively little modified descendant of the most 
primitive, extinct, manlike apes. 

OBANOOUTAN. Ncxt sbovo the gibbons in the scale of living 
primaies b the orangoutao, the 'wild man' of Borneo and 
Sumatra. Thb red-haired beast b considerably larger than (he 
gibbon, adult males readiing nearly five feet in bei^t. The 
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orang bnin is very much Urger than ihti of ihe gibhoo. raching 
amaxtmum of over 500 c-e. in capacity. There is no devetopincnt 
of heavy brow ridges aimI the consoquent ferocity of appearance 
which we get in the gorillas and to a leaser extent in the chim- 
panteea; (he eyes are set close together above the decfsly concave 
nasal region, giving a type of face quite unlike that other 
apea. The orang ta, again, a good arboreal type, mth long anm 
which can reach (he anklet in the erect position. 

This ape, a4ule ohvioutly above (be gibbon in station, is 
probably &r off the line leading to the two higher nMnlike 
apes and man. and but little is known of its fossil history. 

HtOHtaMAMUKI Al>es - CKIMPANZUANOCOatLLA. ThUS 
far our primate history has with Ikw exoeptiont been one of 
increasing adaptation to arboreal life. But our present knosdedge, 
small as it is. leads us to believe that by Miocene times a new 
tendency was already beginning, the first traces of a return ff<om 
the trees to the ground. Three living creatures are descendana 
of the ancesinl forms in which (his trend first appeared. Two 
forms, the chimpanzee and the gorilla, have not gone tu with 
this process of terrestriai adaptation, nor have (hey met with 
great success; a third form, man, has succeeded. 

The ^eal African apes, the chimpartzees and goriOas, are 
quite similar to each other in many respecu and are obviously 
dosely related. Both these living types are less pronounced in 
their arboreal adaptations than the tower apes and monkeys. 
Hw chimpanzee is more at home on the ground than are (be 
gibbons and orangs but b still essentially a tree dweller. The 
gorille, on the other hand, is (pankulatly as regards the highland 
type from central Africa) essentially a ground dweUer and fires 
to the trees but little. In both forms the arms are much sboner 
than in the lower manlike apes but are still quite long as oom- 
pared with any human standards. Both are large animals, the 
chimpanzee rmching as much as five feet in height, the mib 
gorilla six feet, and. it b said, sometimes a weight of six hundred 
pounds in an old mate. 

Braira are comparatively well developed in theae great apes. 
That in an exceptional gorUb may attain a maximum of 6)0 cx.; 
thb b halfway to the average of certain human races. And 
intclligerKe, too, U increasing. Recently there hes been con* 
sidenbte experimental woric done by psychologists in letUiig 
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(he meniBlity of (hen foran, particularly the chimpanaa,' 
They non to show the rudiments of a human type of inieiligeaoa 
There is a good menwry, but. more than that, there seem to be 
(he beginnings of reasoning powers of human type. For eumpl^ t 
instead of merely jumping blindly and vainly for food suspend, 
out of reach as an ordinary animal mi^t do, the chcmpaiizea 
may. of Us own volition, attempt lo pile up boxes to stand oq. 
or fit together sticks with which to knock the food down. 

The chimpanzee and gorilla thus have tended towards ground ^ 
dwelling (althou^ not as bipeds) and towards a human type of 
mentality. These are features which would be expected to 
human aneestors. Neither of there living apes, obviously, is a'< 
direct ancestor of man. but the evidence suggests strongly tbat 
we are here dealing with members of a group of animals from ^ 
wbkh man might weQ have descended. 

FOSSIL APIS. What does the fossil record give us by way of 
an answer to this surmire? The answer must, at the preaeol 
time, unfortuTMtely be but a limited and qualified one. In the < 
MioosK and Pliocene rocks of the Md World, chiefly in the 
Siwalik Hills of Irtdia. we find fragmentary remains of large 
primates. To most of them b applied the scientific name of j 
Dry^tlttcus, the ‘oak ape*, so-called because of the presence , 
of o^ leaves In the deposits from which the first remains of tbb 
form were obtained. The finds consist almost entirely of teeth ^ 
and jaws. Thh b disappointing; but, fortunately, teeth are the .. 
most charecterbtic parts of any animal, and these teeth and ■. 
jaws have been car^uJIy studM. Of there fragments we can 
say that they possess features found to-day in but three manunak • 
- the chimpanzee, ths gorilla, and man. Some of than show 
characters which tend to make us believe that they are aaoestml 
lo the gorilla or chimpanzee. Some appsuanily repceseot short 
sterile twigs of the anthropoid-ape family tree. And tome show 
tendencies which mi^t well have led in a human directloiL 
Beyond thb we cannot go. We caimot say definitely tbat ai^ 
known fossil of ihb age represents the actual manlike pritnals < 
from rritich man took hb otigla. 

The fossU record of Tertiary tropica] life b, however, still 
comparatively unknown. It b not only possible but cxueRMiy 
probabb that the Astotk hlUs wiD. upon furtlter exploration, give 
us tbecertain knowledge we deaire of the primate ancestors of man. 
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two (rinder leries ptnllel to each other «od the iwojectint 
canioee forming the angles at the front. In man the 
do not project, and the whole tooth row fonm a horseshoe 
shaped curve. In PlaiataMropus the tooth row is curved, and the 1 
canines are oeariy u small as In man. Further, the desails of the 
other teeth and tlmr cusp patterns are quite doee to the himvan 
pattern. 

Aa we have sak), them 'southern apes' are protoebiy contem- 
porarics of the oldest known men and hence cannot be actual 
anceeton. They seem, however, to represent a structural sta^ j 
juM preceding that of man and may well be the conservative « 
descendants ^ the tmroediate human ancestor. 

PROM APE TO MAN j 

The gulf between the great apea and a modem man seems to ■ 
us a huge one, but, as a matter of Act, the anatomical features 
nitiefa distiofuith men from apes are comparatively few. Bone 
for bone, muscle for imtsde, organ for organ, ebnou every 
feature dS the ape is repeated in the human body. The differences 
ate almost entirety differences in proportions and relatioos of 
parts; the structures are almost tdenikal. 

The dtfferenoes are reialed mainly to locomotor habits atxl 
bnm growth. Among the higher apes we have seen trends 
towards «ect posture and towards terresliia] life; man dooebas 
carried out these tertdeocies to their lo^cal conclusion and has 
become a ground-dwelling biped. Hit arms, cot used for 
swingiog from the branches, are oomparatiyely dtort It is highly 
improbable that we hive descended from fwint with as long arms 
as the gibbon or otang; our arms have, and probably have 
always had, the more normal proportione of Ihoae of the lower 
primaiea, while the great apes which have become permanent 
tree dweilen have tended to long amts but abort lap. The 
human hand, except for its somewhat greater flexibility, is of a 
primitive primaie type, while the living great apes have tended to 
elongate the ftngen, except the thumb, for hooking over branches. 

A greater differettee between man and other primates lies in 
the foot. In the greet apes, as in primates generally, the foot, 
like the hand, is an efficient grasping structure. But this it an 
awkward affair for ground life, pankolaily in a biped adxre 
tbe feet nnm bear the entire weight of the body. In man the 
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toa have sborteoed. (he btg toe baa been brought into line with 
the otben, and the heel bone is npaodcd Tor a prop at the back 
(this last feature was already partially developed in the great 
apes). Id the evolution of erect posture (he badebone hat become 
more dnuously curved than in (he apes, with the result of 
bringing the trunk and bead directly above the hips and centring 
the weight over tbe legs. 
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of* high forehead. Bxaini have been responsible for giving man, > 
otherwise a rather feeble creature, the place in the world whkli ' 
be now occupies. But, except in size and the great devdopmenl 
of certain areas whkh are presumed to be the seat of the higher 
faculties, every feature of the human brain finds Ha 
parallel in the brain of iha great apes. 

Man has gone fhr and, we trust, may go sUn farther alottg new j 
tines of evolution. But in hit every feature - brain, sense organs, ! 
limbs - he it a product of primate cvoluliooaiy trends and owes. 

In ba high etuie, much to his arboreal ancestry, to fcsnirts 
developed by hit Tertiary fetefathers for life in the (race. 




Animals Without Backbones 



Ceatral Archaeological Library. 
NEW DELHI. 


govt, of INDIA 
hew DELHI. 


j PleMO help ^ 
Ifiia and toOTing. 





